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ABSTRACT 

In  continuation  of  previously  reported  work,  the  effects  of  testtisterone  on 
adrenal  gland  weight  and  adrenal  succinoxidase  activity  were  studied  in  normal 
male  rats  and  in  normal  and  ovariectomized  females.  For  comparison,  the  ef¬ 
fect  on  succinoxidase  activity  in  liver  and  skeletal  muscle  was  also  studied.  In 
order  to  elucidate  the  effects  of  testosterone,  the  adrenal  weight  and  succinoxi¬ 
dase  activity  were  measured  in  normal  male  rats  receiving  .\CTH  or  cortisone, 
singly  or  in  combination  with  testosterone. 

Testosterone  alone  caused  a  marked  increase  in  adrenal  succinoxidase  ac¬ 
tivity,  in  all  animals.  It  did  not  affect  adrenal  weight  in  the  males,  hut  caused 
some  atrophy  in  the  females.  It  had  no  effect  on  muscle  or  liver  succinoxidase 
activity. 

Cortisone  acetate  alone  cau.sed  a  marked  adrenal  atrophy  and  a  small  de¬ 
crease  in  total  adrenal  succinoxidase  activity.  Testosterone,  given  simul¬ 
taneously,  reduced  the  degree  of  adrenal  atrophy  and  caused  a  large  increase 
in  succinoxidase  activity. 

,\CTH  alone  caused  marked  adrenal  hyjiertrophy  and  a  slight  increase  in 
total  succinoxidase  activity.  Testosterone,  given  simultaneously,  pai  tially  pre¬ 
vented  the  adrenal  hypertrophy  but  caused  a  still  greater  increase  in  succin¬ 
oxidase  activity. 

From  these  findings  it  is  concluded  that  testosterone  has  a  specific  action  on 
the  adrenal  cortex  that  is  (jualitatively  different  from  that  of  .\CTH.  Therefore 
the  effects  of  te.stosterone  on  the  adrenal  gland  can  not  be  interpreted  in  terms 
of  stimulation  or  suppression  of  .VCTH  secretion. 

IN  A  previou.s  publication  (1)  it  wa.s  shown  that  the  administration  of 
testosterone  propionate  to  castrated  male  rats  caused  a  considerable 
increase  in  the  succinoxidase  activity  of  the  adrenal  glands  accompanied 
by  a  decrease  in  adrenal  weight.  The  evidence  available  suggests  that  an  in¬ 
crease  in  the  .secretory  activity  of  the  adrenal  cortex  is  accompanied  by 
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an  increase  in  its  energy  metabolism.  Therefore  the  effect  of  testosterone 
propionate  on  the  succinoxidase  activity  of  the  adrenal  glands  might  n- 
flect  a  stimulation  of  cortical  hormone  secretion.  On  the  other  hand,  the  in¬ 
hibitory  effect  of  testosterone  propionate  on  adrenal  gland  weight  migl  t 
suggest  that  this  androgen  produces  inhibition  of  cortical  hormone  seen  - 
tion.  In  the  experiments  to  be  reported  the  effects  of  testo.sterone  propio¬ 
nate  on  the  succinoxidase  activity  and  weight  of  the  adrenal  glands  of  nor¬ 
mal  male  rats  as  well  as  of  normal  and  ovariectomized  female  rats  have 
been  studied  and  found  to  be  essentially  similar  to  those  ol)tained  in  cas¬ 
trated  male  animals.  Testosterone  propionate  has  been  found  to  exert  no 
effect  on  the  succinoxidase  activity  of  liver  and  skeletal  muscle.  In  an  at¬ 
tempt  to  establish  the  possible  significance  of  these  findings  the  effects  of 
testosterone  propionate  on  the  adrenal  glands  of  normal  male  rats  have 
been  compared  with  those  of  .VCTH  and  of  cortisone  acetate.  The  effects 
of  the  simultaneous  administration  of  testosterone  propionate  and  corti¬ 
sone  acetate  and  of  testosterone  propionate  and  ACTH  have  also  been  in¬ 
vestigated. 

METHODS 

All  experiments  excejjt  those  concerned  with  the  effects  of  cortisone  and  ACTH  were 
performed  in  animals  of  the  Wistar  strain  bred  in  the  Department  of  Physiclo^y.  The 
a^e,  care  and  treatment  of  the  animals,  as  well  as  all  methods  used  were  the  same  as 
those  described  in  a  j)revious  paper  (1).  In  all  cases  testosterone  proi)ionate  (Perandren. 
Ciba  Co.  Ltd.,  Montreal)  was  administered  in  daily  doses  of  2..5  m  j.  in  0.1  ml.  of  sesame 
oil  for  two  weeks  prior  to  killin}!;.  .\11  control  animals  received  daily  injections  of  0. 1 
ml.  of  sesame  oil  for  the  same  i)eriod. 

The  succinoxidase  activity  of  the  liver  and  left  psoas  muscle  was  determined  as 
previously  described  for  the  adrenal  K^Dids  (2).  In  the  case  of  the  liver  0.2  ml.  of  a 
homogenate  in  distilled  water  was  used  for  each  determination.  In  the  case  of  muscle 
0.(5  ml.  was  used.  .At  the  end  of  the  incubation  period  nitrogen  determinations  were 
performed  on  suitable  aliquots  of  the  incubation  mixture. 

The  experiments  concerned  with  the  effect  of  cortisone  acetate  and  of  .\CTH  singl\ 
and  in  combination  with  testo.sterone  propionate  were  i)erformed  in  young  adult  male 
rats  of  the  Wistar  strain  purchased  from  Woodlyn  Farms,  (luelph,  Ontario.  The  averagf' 
body  weight  at  the  beginning  of  the  injection  period  was  210  gm.  Two  independent  ex¬ 
periments  were  done.  In  the  first,  the  animals  were  divided  into  four  groups,  receiving 
daily  subcutaneous  injections  for  fifteen  days,  as  follows: 

(Irouj)  1. — Sesame  oil,  and  0.9%  XaCl. 

(irouj)  2. — Sesame  oil,  and  cortisone  acetate  in  saline. 

(iroup  .3. — Testosterone  propionate  in  sesame  oil,  and  saline. 

(Jroup  4. — Testosterone  i)roi)ionate  in  sesame  oil,  and  cortisone  acetate  in  saline. 

Cortisone  acetate  (Cortone,  .Merck  A:  Co.  Ltd.)  ami  testosterone  proi)ionate  were  given 
in  daily  doses  of  2. .5  mg.  .HI  injections  were  0.1  ml.  in  volume. 

In  the  second  exi)eriment,  the  same  i)lan  was  followed  excej)!  that  .AC’l'H  (Cortico- 
troi)hin  with  protamine  and  zinc,  C’onnaught  .Medical  Research  Laboratories,  Toronto) 
in  saline  was  substituted  for  the  cortisone  acetate.  .VCTH  was  given  in  daily  doses  of  .■> 
units  for  seven  days,  and  10  units  for  the  remaining  <S  days.  Vll  other  techniques  were 
the  same  as  described  jjreviously  (1). 
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T  B1.K  1.  The  EFFEt  r  of  TESTOSTEHOXE  PHOFION  ATE  ox  the  StU  iTXOXIDASE  AfTIVITY  OF  THE 
\1)REXAL  GLAXHS  OF  XORMAL  MALE  AXI)  XORMAL  AXI)  OVARIEFTOMIZEI)  FEMALE  RATS* 


1  No.  of  ; 

Body 

wt.. 

Km- 

Adrenal  fslund 

«il.  () 

in  l.st  hour 

Aniinalis  , 

(no.  of 
obser-  1 
vations)! 

Wt.  iwfi. 

Wt.  mg. 

KM)  gill. 
Body  wt . 

'/rN 

Per  1(M» 
tug.  fresh 
wt. 

IVr  mg. 

N 

Per  pair 
of 

glands 

NT  iiial  Male 

nial  Male -fTestos- 

14(7)  i 

i 

217  ±7 

27.0+1 .0 

12.5±().4 

2.72  +  0.03 

630  +  40 

231  ±15  1 

172  ±12 

•rone  Propionate 

14(7)  ! 

210  +  6 

20.7  ±0.'.) 

14,2  +  0.3 

2.77  +  0.04 

1137  +  41 

411±18  ' 

338+  13 

N*  Dial  Female 

14(7) 

158  ±5 

38.2±2.4 

24.4±  1 .4 

2.55  +  0.05 

348+  7 

137  ±  3 

1.33  ±  9 

N'l  mal  Female +Tes- 

)Sterone  Propionate 

14(7) 

166  +  5 

28.8+1.3 

17.4±().5 

2.82  +  0.02 

1  UK)  +  35 

390±  11 

318+16 

0^  iriectomixed  Female 

14(7) 

181  ±7 

36.3+1.6 

20.2  +  0.06 

2.70  +  0.06 

416  +  30 

154+10  : 

152  ±  10 

O'  iriectomiied  Fe- 
lale  +Te8to8terone 

Propionate 

14(7) 

186  ±6 

27.5±0.9 

14.9±0.6 

2.89  +  0.05 

11.56  ±40 

400  ±15 

318±  13 

*  All  results  in  this  and  in  the  following  tables  are  given  as  Mean  ±  S.K. 


RESULTS 

Effects  of  administration  of  testosterone  propionate  to  normal  males  a^id  to 
normal  and  ovariectomized  females.  The  results  have  been  summarized  in 
Table  1.  Testosterone  propionate  decreased  significantly  the  absolute 
weight  of  the  adrenal  glands  of  the  normal  and  of  the  ovariectomized  fe¬ 
males  (P  <0.01  in  l)oth  cases),  but  it  did  not  alter  significantly  the  adrenal 
weights  of  the  normal  males.  In  fact  the  weights  of  the  adrenal  glands  of  all 
animals  given  testosterone  propionate  approached  those  of  the  normal 
males. 

It  will  be  noted  that  the  percentage  of  nitrogen  of  the  adrenals  of  the 
normal  males  and  of  all  animals  treated  with  testosterone  propionate  was 
slightly  but  significantly  higher  than  that  ol)served  in  animals  lacking  this 
liormone  (O.Oo  >  P  >0.02).  Since  the  total  nitrogen  per  pair  of  glands  was 
actually  reduced  in  these  animals,  the  rise  in  percentage  of  nitrogen  must 
indicate  a  greater  decrease  in  some  other  constituent,  po.s.sibly  the  lipids. 

In  this  experiment  again  the  .succinoxidase  activity  of  the  adrenals  was 
considerably  higher  in  the  males  than  in  the  females  (1,  2).  The  administra¬ 
tion  of  testosterone  propionate  resulted  in  a  marked  increa.se  in  the  enzyme 
activity  (whether  expre.ssed  per  unit  of  adrenal  weight  or  nitrogen,  or  per 
pair  of  glands)  in  all  groups  as  it  had  in  the  castrated  males  ( 1 ).  The  relative 
increases  are  different  in  the  three  groups,  being  highest  in  the  normal  fe¬ 
males,  intermediate  in  the  ovariectomized  females  and  lowest  in  the  nor¬ 
mal  males.  The.se  differences  are  highly  significant  (P<().()1  in  all  cases). 
The  final  values  after  androgen  administration  were  essentially  the  same 
in  all  groups. 

Effect  of  administration  of  testosterone  propionate  on  the  snccinoxidase  ac¬ 
tivity  of  the  liver  and  psoas  muscle  of  normal  male  rats.  Testosterone  pro¬ 
pionate,  under  the  conditions  of  this  experiment,  had  no  effect  on  the  suc¬ 
cinoxidase  activity  of  either  liver  or  psoas  muscle  (Fig.  1).  Under  similar 
conditions,  in  comparable  animals,  it  had  increased  the  enzyme  activity  of 
the  adrenal  glands  by  4o  to  80%  (Tables  1,  2,  and  3).  It  will  be  noted  (Fig. 
1)  that  the  rates  of  oxygen  uptake  in  both  liver  and  muscle  homogenates 
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are  remarkably  constant  during  one  liour,  as  opposed  to  tlie  rates  of  he 
same  process  in  preparations  of  adrenal  glands  (Fig.  2). 

Effect  of  administration  of  testosterone  propionate  and  cortisone  actuate 
singly  and  in  combination  on  the  succinoxidase  activity  of  the  adrenal  glands 


Fig.  1.  The  effects  of  testosterone  pro- 
jhonate  on  the  succinoxidase  activity  of  the 
liver  and  skeletal  muscle  of  normal  male 
rats.  Kach  point  is  the  average  of  six 
determinations. 


MINUTES 

Fig.  2.  The  effect  of  testosterone  pro¬ 
pionate  on  the  succinoxidase  activity  of 
the  adrenal  glands  of  normal  male  rats. 


<tf  normal  male  rats.  The  results  are  presented  in  Table  2.  Cortisone  acetate 
decreased  the  absolute  adrenal  gland  weight  by  42%  (P  <0.01).  The  adre¬ 
nal  weights  of  the  animals  treated  with  both  cortisone  acetate  and  testos¬ 
terone  propionate  were  30%  greater  than  those  of  the  animals  treated  with 
cortisone  acetate  alone  (P  <0.01)  and  21%  smaller  than  those  of  the  con¬ 
trols  (P<0.01).  Testosterone  propionate  given  alone  exerted  no  effect  on 
the  ab.solute  weight  of  the  adrenals  of  normal  adult  males. 

The  administration  of  cortisone  acetate  resulted  in  a  .significant  increase 
in  tlie  relative  .succinoxida.se  activity  of  the  adrenals  (34%  in  the  case  of 
the  results  expressed  per  unit  of  fresh  weight,  and  30%  for  the  re.sults  ex¬ 
pressed  per  unit  of  adrenal  nitrogen;  P  <0.01  in  both  cases).  However,  the 
enzyme  activity  per  pair  of  glands  was  significantly  lower  in  the  cortisone- 
treated  than  in  the  control  group  (P<0.01).  The  administration  of  tes¬ 
tosterone  propionate  resulted  again  in  a  significant  increase  in  relative 
(45%)  and  total  succinoxida.se  activity  (P  <0.01  in  lioth  ca.ses).  The  simul¬ 
taneous  administration  of  cortisone  acetate  and  testosterone  propionate 
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T\BI-E  2.  ThK  effects  of  cortisone  acetate  A.\1)  of  testosterone  I’ROI’IONATE  SlNOl.Y 
AND  IN  COMBINATION  ON  THE  SCI’CINOXIDASE  ACTIVITY  OF  THE  ADRENAI. 

(il.ANDS  OF  NORMAI,  MALE  RATS 


N'o.  of 
animals 
(no.  of 
obser¬ 
vations) 

Adn'tial  Klaiid 

p\.  (>:  in  hour 

Animals 

liody 

Wt.,  Kill. 

Wt.  mt!. 

Wt.  mg., 
KMI  gm. 
body  wt. 

•:i  N 

Per  1(K) 
mg.  fresh 
wt. 

Per  mg. 

N' 

Per  pair 
of 

glands 

N  iiial  Male 

X  ?mal  Male-|-Corti- 

21 (11) 

246  ±4 

31.0±0.'t 

13.010.3 

2.4010.05 

686 1 30 

2771  15 

2221  10 

one  .Acetate 

N  tmal  Male-1-Testo.s- 

22(11) 

201  ±  6 

18.4±0.7 

0.210.3 

2. .5010. 12 

024 1 26 

361 1 15 

1701  8 

iiTone  Propionate 

X  rni  Male+Corti- 

one  -Acetate  -pTes- 

21  (11) 

235  ±8 

30.it±0.8 

13.210.3 

2.5510.05 

007140 

303114 

3101  11 

osterone  Propionate 

18(10) 

200  +  5 

25.2  +  0.8 

12.710.4 

2.. 54  10. 07 

1265171 

400 1 25 

.324 1 17 

g:ive  rise  to  a  greater  increase  in  the  relative  succinoxidase  activity  than 
(lid  the  administration  of  either  substance  alone.  The  activity  per  100  mg. 
ol  fresh  adrenal  weight  and  per  milligram  of  adrenal  nitrogen  was  84  and 
S0%  al)Ove  that  of  the  controls,  respectively  (P<0.01  in  both  cases).  The 
total  activity,  however,  was  practically  the  same  as  that  obtained  in  the 
animals  given  testosterone  propionate  alone. 

Ejlfect  of  administration  of  testosterone  propionate  and  ACTH  singly  and  in 
combination  on  the  succinoxidase  aetivity  of  the  adrenal  glands  of  normal  male 
r(ds.  The  results  have  been  summarized  in  Table  3.  The  average  adrenal 
weight  of  the  animals  that  received  ACTH  alone  was  82%  higher  than  that 
of  the  controls  (P<0.01).  Testosterone  propionate  did  not  significantly 
alter  the  adrenal  weights  of  the  intact  males.  The  average  adrenal  weight 
of  the  animals  that  were  given  ACTH  and  testosterone  propionate  simul¬ 
taneously  was  58%  higher  than  that  of  the  controls  (P<0.01),  although 
slightly  (13.3%)  but  significantly  (P  <0.01)  lower  than  that  of  the  animals 
that  received  ACTH  alone.  That  is,  testosterone  propionate  slightly  coun¬ 
teracted  the  ACTH  effect  on  adrenal  gland  weight. 

The  admini.stration  of  ACTH  resulted  in  a  .significant  decrease  in  the 
relative  .succinoxidase  activity  of  the  adrenals  (20.4%  in  the  case  of  the 
results  expressed  per  100  mg.  of  fresh  adrenal  weight  ;  P  <0.01 ;  and  lt).l% 
for  the  results  expres.sed  per  mg.  of  adrenal  nitrogen;  0.02  >P  >0.01).  How¬ 
ever,  the  enzyme  activity  per  pair  of  glands  of  the  group  given  ACTH  was 
higher  than  that  of  the  control  group  (34%;  P  <0.01).  The  administration 


Table  2.  The  effect.s  of  .\(rrH  and  of  testosterone  propionate  sint.ly  and  in  combi¬ 
nation  ON  THE  SCCCINOXIDASE  ACTIVITY  OF  THE  ADRENAL  OLANDS 
OF  NORMAL  MALE  RATS 


No.  of 
animals 
(no.  of 
obser¬ 
vations) 

.Adrenal  gland  I 

p).  (>}  in  1st  hour 

AniiiialH  i 

Body 
wt.,  Kin. 

Wt.  iiiK- 

Wt.  mg./  i 
KMI  gill.  ' 
Body  wt. 

%  N 

Per  KM) 

1  iiiK*  fresh 
wt. 

IVr  iiiK. 

N 

Per  pair 
of 

glands 

Normal  Male 

16  (8) 

260  1  7 

32.011.8 

12.3  +  0.5 

2.5410.07 

508  1  31  i 

235113 

101 1  12 

Normal  Male+ACTII 
Normal  Male -hTestos- 

16(8) 

227±6 

i 

58.311.0 

26.211.4 

2.3210.05 

440  ±25 

1 

1001  0 

256112 

t  *rone  Propionate* 
Normal  Male  + 

ACTH  -f-Testowter- 

16(8) 

1  24616 

.34.01 1.0 

13.010.3 

2.6610.03 

1027147 

.386118 

.3481 13 

j 

one  Propionate 

:  16  (8) 

1  22618 

,  50.511.0 

1  22.410.7 

2.4310.05 

640 1 18 

2681  0 

1  .320117 
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of  testosterone  propionate  resulted  in  a  significant  increase  in  relative 
(72%)  as  well  as  in  total  (82%)  succinoxidase  activity.  The  stimulatory  .  f- 
fect  of  testosterone  propionate  on  the  succinoxidase  activity  was  also  mani¬ 
fested  in  the  group  that  received  ACTH  as  well.  The  enzyme  activity  p('r 
unit  of  adrenal  weight  of  this  group  was  47%  higher  than  that  of  the  group 
given  ACTH  alone  (P<0.01),  but  it  was  not  appreciably  different  from 
that  of  the  normal  males.  The  total  activity  was  increased  to  the  same 
level  as  that  induced  by  testosterone  propionate  alone. 

DISCUSSION 

For  reasons  given  previously  (2)  the  changes  in  adrenal  weight  ami 
succinoxidase  activity  de.scribed  above  are  felt  to  reflect  corresponding 
changes  primarily,  if  not  solely,  in  the  cortex  of  the  glands.  There  .seems  to 
be  little  evidence  that  the  .sex  hormones  influence  the  adrenal  medulla  .sig¬ 
nificantly  (3). 

We  have  reported  previously  that  the  administration  of  te.stosterone 
propionate  exerts  a  marked  stimulatory  effect  on  the  succinoxidase  activity 
of  the  adrenal  glands  of  castrated  male  rats  (1).  The  results  presented  here 
show  that  this  androgen  exerts  es.sentially  the  same  effect  on  the  succinoxi- 
da.se  activity  of  the  adrenal  glands  of  normal  male  and  of  normal  and  ovari- 
ectomized  female  animals.  This  androgen  also  produced  partial  adrenal 
atrophy  except  in  the  case  of  the  intact  male  rats  where  no  effect  on  adrenal 
.  weight  was  oli.served.  This  is  in  agreement  with  many  reports  on  the  effects 
of  androgens  on  adrenal  gland  weight  (4,  5,  (>). 

Administration  of  testo.sterone  propionate  did  not  stimulate  the  succin¬ 
oxidase  activity  of  liver  or  of  skeletal  muscle.  This  .suggests  that  its  effect 
on  the  adrenal  glands  is  at  least  a  relatively  specific  one.  The  succinoxidase 
activity  of  the  liver  was  found  to  be  over  three  times  as  high  as  that  of  the 
adrenals;  this  is  in  agreement  with  the  results  reported  by  McShan,  Erway 
and  Meyer  (7). 

The  administration  of  cortisone  acetate  to  normal  males  gave  rise  to 
an  appreciable  increase  in  the  relative  succinoxidase  activity  of  the  adrenals 
(34%),  whereas  the  administration  of  ACTH  resulted  in  a  moderate  de¬ 
crease  (2()%).  These  re.sults  are  in  only  partial  agreement  with  previous 
evidence.  Thus,  the  effect  of  ACTH  on  the  .succinoxidase  activity  found 
here  is  essentially  the  same  as  that  found  by  Nielsen  and  Harper  (8)  fol¬ 
lowing  .six  days  of  treatment  with  ACTH  and  using  the  .same  assay  pro¬ 
cedure.  Sourkes  and  Heneage  (9)  found  that  after  a  week  of  cortisone  treat¬ 
ment  the  adrenal  glands  were  moderately  atrophied,  but  the  relative  suc¬ 
cinoxidase  activity  was  slightly,  though  not  significantly  increased.  On  the 
other  hand.  Perry  and  Cumming  (10),  who  u.sed  the  reduction  of  triphenyl 
tetrazolium  chloride  by  adrenal  homogenates  in  the  presence  of  succinate  a." 
an  index  of  the  succinic  dehydrogenase  activity,  found  a  decrease  in  the 
relative  and  total  activity  following  the  administration  of  cortisone  for 
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oni  week,  and  an  increase  after  treatment  with  ACTIl  for  the  same  length 
of  ime.  Using  the  same  procedure  Desmarais,  Dugal  and  Gagnon  (11)  have 
re)  orted  that  hypophysectomy  is  followed  by  a  decrease  in  both  adrenal 
ghtiid  weight  and  succinic  dehydrogenase  activity  expressed  per  unit  of 
weight  and  that  the  administration  of  ACTH  to  hypophysectomized  ani¬ 
mals  produces  the  reverse  effects.  It  is  possible  that  these  apparent  discrep- 
aii'  ies  are  due  to  the  fact  that  in  the  experiments  reported  here  the  effects 
an  due  to  changes  in  the  activity  of  the  succinic  dehydrogenase  and  or  the 
cytochrome  oxidase  systems,  whereas  the  latter  system  is  excluded  when 
tin  oxidation  of  succinate  is  measured  l)y  the  reduction  of  tetrazolium  salts. 
Tims,  the  results  presented  here  and  those  of  Nielsen  and  Harper  on  the 
0111  hand,  and  those  of  Perry  and  Gumming  and  of  Desmarais  et  al.  on  the 
other,  are  not  necessarily  comparable. 

'l'h»'  apparent  stimulatory  effect  of  cortisone  acetate  and  inhibitory  ef¬ 
fect  of  ACTH  on  the  succinoxidase  activity  of  the  adrenals  might  seem 
somewhat  surprising,  since  most  of  the  evidence  available  suggests  a  direct 
correlation  between  the  energy  metabolism  of  the  glands  and  their  secre¬ 
tory  state.  The  present  findings,  however,  are  compatible  with  such  a  rela¬ 
tionship  since  treatment  with  ACTH  actually  caused  an  increase  and  corti¬ 
sone  a  decrease  in  the  total  succinoxidase  activity  of  the  adrenals.  The 
changes  in  relative  succinoxidase  activity  therefore  indicate  that  the  en¬ 
zymes  of  this  system,  though  increased  by  ACTH  and  decreased  by  corti¬ 
sone,  w^ere  less  affected  than  were  other  constituents  of  the  gland,  presum¬ 
ably  those  more  directly  concerned  with  cortical  hormone  synthesis. 

Several  conflicting  hypotheses  have  been  put  forward  to  explain  the  ef¬ 
fects  of  androgens  on  the  adrenals  (5,  12)  but  probably  the  most  widely 
held  view  is  that  the  androgens  inhibit  the  adrenals  by  decreasing  the 
secretion  of  ACTH  by  the  pituitary  (13).  Selye  (14),  however,  believes  that 
the  action  of  certain  androgens  upon  the  adrenal  are  not  solely  dependent 
upon  alterations  in  ACTH  secretion  because  they  can  alter,  both  quantita¬ 
tively  and  qualitatively  the  effects  of  exogenous  ACTH  on  the  morphology 
of  the  adrenal  cortex.  The  present  findings  are  in  agreement  with  Selye’s 
view  but  warrant  a  more  emphatic  conclusion  with  respect  to  the  inde- 
p(‘ndence  of  testosterone  and  ACTH  actions  on  the  adrenals. 

Thus  testosterone,  unlike  cortisone  or  ACTH,  caused  large  increases  in 
adrenal  succinoxidase  activity  in  all  animals,  but  relatively  small  changes 
in  adrenal  gland  weight.  Moreover,  testosterone  diminished  the  altera¬ 
tions  in  adrenal  weight  resulting  from  the  administration  of  cortisone  or 
.\CTH  as  shown  previously  by  various  workers  (14-19).  On  the  other  hand 
it  increased  the  total  adrenal  succinoxidase  activity  regardless  of  whether 
or  not  ACTH  or  cortisone  was  given  simultaneously.  These  facts  together 
with  Selye’s  findings  point  strongly  to  the  conclusion  that  the  action  of 
certain  androgens  on  the  adrenals  is  qualitatively  different  and  separate 
from  that  of  ACTH.  The  available  evidence  does  not  indicate  whether 
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these  effects  are  direct  or  mediated  through  some  other  hormone;  neit  ler 
does  it  permit  any  conclusion  with  respect  to  the  effects  of  the  androg  -ns 
on  tlie  quantity  or  composition  of  the  secretion  of  the  adrenals. 
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EFFECT  OF  CORTISONE  ON  THE  ACTION  OF 
THYROXINE  AND  TRIIODOTHYRONINE 
IN  HYPOPHYSE(TO.MIZED  RATS^  ^ 
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Medical  Clinic  and  Isotopes  Laboratory  of  St.  Pieter  Hospital, 

Brussels  I'niversity,  Brussels,  Belgium 

ABSTRACT 

Tlie  effect  of  cortisone  has  been  observed  on  the  oxygen  consumption  of 
hypoj)hysectomize(l  rats  siven  thyroxine  and  triiodothyronine.  Similarly,  the 
effect  of  cortisone  has  been  observed  on  the  disappearance  of  I”-  from  I”-- 
labeled  red  cells  injected  into  hypophysectomized  rats  receiving  thyroxine  and 
triiodothyronine. 

Cortisone  inhibited  the  effect  of  thyroxine  both  on  oxygen  consumption  and 
1”'^  disappearance  but  failed  to  inhibit  the  stimulating  effect  of  triiodothyro¬ 
nine. 

The  results  are  consistent  with  the  hyjjothesis  that  cortisone  inhibits  the 
peripheral  degradation  of  thyroxine  to  triiodothyronine. 

ALTHOUGH  an  inhibiting  effect  of  corti.sone  on  thyroid  function  has 
XX  been  demonstrated  in  many  clinical  and  experimental  studies,  the 
preci.se  mechanism  of  this  action  is  not  known.  Suggestions  have  included 
a  depre.ssive  action  on  the  pituitary  gland  (1),  on  the  thyroid  (2,  3,  4),  an 
increa.sed  renal  dispo.sal  of  iodide  (o),  and  a  direct  antagonistic  effect  on 
the  circulating  hormone  (0,  7). 

It  is  also  possible  that  cortisone  interferes  with  the  normal  degradation 
of  thyroxine.  Gross  and  Leblond  (8)  found  that  radioactive  triiodothy¬ 
ronine  (T3)  appeared  in  the  plasma  after  injection  of  labeled  thyroxine 
(T4)  into  thyroidectomized  rats.  Similar  observations  have  been  made  in 
myxoedematous  patients  (9).  The.se  experiments  and  in  vitro  ob.servations 
of  Larson  ct  al.  (10)  indicate  the  exi.stence  of  extra-thyroidal  dehalogena- 
tion  of  thyroxine.  Others  have  .suggested  that  deiodination  of  thyroxine  to 
triiodothyronine  is  a  step  es.sential  to  metabolic  effect  and  that  a  partially 
deiodinated  product  is  the  active  form  of  the  thyroid  hormone  (11,  12,  13, 
14). 

The  present  experiments  were  designed  to  test  the  hypothesis  that  the 
anti-thyroid  effect  of  corti.sone  is  due  to  peripheral  inhibition  of  the  degra- 
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(latioii  of  thyroxine  to  triiodothyronine.  The  effect  of  thyroxine  and  of  tri¬ 
iodothyronine  was  studied  in  rats,  both  l)efore  and  during  treatment  witli 
cortisone.  Hypophysectomized  animals  were  used  in  order  to  avoid  possi- 
hle  indirect  effects  mediated  through  the  pituitary.  It  is  shown  that  corti¬ 
sone  abolishes  certain  effects  of  thyroxine  but  fails  to  abolish  those  of  tri¬ 
iodothyronine. 

MATERIALS  AND  METHODS 

Xiiiety  male  rats  of  the  same  strain  aged  4  to  6  months  were  used  in  these  experi¬ 
ments.  The  animals  were  hypophyseetomized  3  weeks  j)reviously.  Completeness  of  the 
operation  was  controlled  macroscopically  after  the  experiment.  The  animals  were  given 
a  standardized  diet  (albumin,  25.4%;  fat,  2.5%;  starch,  32.6%;  sugar,  5.3%;  cellulose, 
65%)  and  had  a  solution  of  glucose  (10%)  and  XaCl  (5%)  to  drink.  They  were  main¬ 
tained  in  a  thermostatic  cage  at  25  ±  2°  during  the  week  before  the  assays. 

T4  was  given  in  a  single  subcutaneous  injection  of  10  to  30  n".  and  T3  at  the  dose  of 
S.3pg.  per  100  gm.  Cortisone  acetate  was  injected  at  a  dosage  of  5  mg.  to  each  animal  on 
three  successive  days,  the  first  injection  having  been  given  the  day  before  the  adminis¬ 
tration  of  T4  and  T3. 

Measurement  of  oxygen  consumption  was  in  a  X’oyons-Kipi)  diapherometer  espe¬ 
cially  adapted  to  small  animals.  The  rat  was  placed  in  a  glass  cylinder  (8  cm.  diameter 
X30  cm.).  .\ir  flow  was  regulated  at  0.9  liters  per  minute.  Measurements  were  made  20 
to  30  minutes  after  intraperitoneal  injection  of  Xembutal  (2  mg.,  100  gm.)  to  induce 
light  anesthesia.  The  results  are  expressed  in  ml.  of  oxygen  per  minute  per  100  gm.  Con¬ 
trol  assays  in  normal  rats  yielded  a  mean  value  of  1.21  ±0.12  ml. 

Radioactive  phosphorus  turnover  was  measured  as  the  coefficient  of  P^-  outflux  from 
labeled  red  blood  cells  (SP’-).  Greenberg,  Fraenkel-Conrat,  and  Glendening  (15)  have 
shown  that  in  the  hyirerthyroid  rat  there  is  a  decrease  in  the  P^-  concentration  of  serum 
and  an  increase  of  P®'^  in  the  acid-soluble  and  labile  i)hosphate  fraction  of  the  muscle 
110  minutes  after  administering  P’-.  They  observed  little  or  no  change  in  the  total 
amount  of  phosphorus  (P”)  in  the  acid-soluble,  labile,  or  inorganic  fractions.  An  effect 
of  thyroid  activity  on  membrane  transfer  was  postulated.  Studies  on  red  blood  cell 
permeability  to  radioactive  i)hos])horus,  both  in  man  and  in  rat,  have  led  to  similar 
observations  (16,  17). 

Based  on  these  ob.servations,  a  method  has  been  devised  for  determining  thyroid 
activity  (16).  .\fter  injection  of  red  cells  labeled  in  vitro  with  P’''“  (after  the  method  pro¬ 
posed  by  Hevesy  (18)  for  the  study  of  blood  volume),  the  labeled  j)hosphorus  of  the 
circulating  red  cells  is  measured  rluring  the  succeeding  50  hours.  The  decrease  of  P’-  in 
the  red  cells  is  exponential  and  can  be  expressed  by  rt  =  ro3“^ SP*-  is  a  constant  indi¬ 
cating  the  speed  of  outflux  of  labeled  phos|)horus  from  red  cells  (19).  In  man  and  in  rat 
a  highly  significant  correlationship  exists  between  the  value  of  this  coefficient  and  oxy¬ 
gen  consumption  (20).  In  rat  the  normal  value  is  6.8±0.5X10~^  After  administration 
of  thyroxine  or  propylthiouracil,  the  coefficient  respectively  increased  to  8.1  ±0.4  or 
was  reduced  to  5.9±0.3X10~^  (17). 


RESULTS 

The  result  of  oxygen  con.sumption  studies  obtained  in  one  group  of  nor¬ 
mal  and  three  groups  of  hypophysectomized  animals  are  shown  in  Table  1. 
The  rats  of  Groups  II  and  III  were  treated  with  10  fig.  of  thyroxine  24 
hours  before  the  measurement  of  oxygen  consumption.  Those  of  Group 
IV  were  injected  with  an  equimolar  dose  of  triiodothx  ronine.  In  each  group, 
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half  of  the  animals  were  given  cortisone  two  days,  one  day,  and  six  hours 
before  study.  Groups  II  and  III  were  studied  at  one  year  interval.  Oxygen 
consumption  was  depressed  in  all  hypophysectomized  animals  and  was 
restored  to  normal  levels  in  the  thyroxine-treated  rats.  It  was  increased  to 
high  levels  in  the  triiodothyronine-treated  animals.  In  the  cortisone-pre- 
Ireated  rats  the  basal  oxygen  consumption  was  slightly  increased,  but 


Tabi.k  1.  The  Arxiox  <ik  cortisone  in  modikyino  the  metaboeic  response  in 

HYPOPHYSECTOMIZED  RATS  TO  THYROXINE  AND  TRIIODOTHYRONINE. 

Values  are  given  in  ml.  per  100  gm.  per  minute 


Rats  i 

Normal 

Hyjiophysectomized 

rats 

(Iroups 

I 

II 

III 

IV 

Treatment 

0 

Thvroxiiie 

Thvroxiiie 

Triiodothyro¬ 

nine 

10  100  gm. 

10  100  gm.  , 

8.8  /ug.  100  gm. 

a)  Without  cortisone 
Number  of  rats 

(> 

0 

10 

7 

Oxygen  consumption 
Mefore  treatment 

1.25+0.18 

0.80+0.15 

0.88  +0.18 

0.80+0.12 

.\fter  treatment 

1  .20+0.  K) 

1 .17+0.18 

1  .01  +0.40 

C'hange  in  % 

+  04% 

+  48% 

+  187% 

F  values* 

<0.001 

<0.001 

<0.001 

1))  With  cortisone' 
Number  of  rats 

0 

0 

7 

Oxygen  consumption 
Before  treatment 

0.88+0.  15 

1  .00+0.15 

0.07  +0.10 

.\fter  treatment 

0.05+0.18 

1 .15+0.18 

2.11+0. 40 

C'hange  in  % 

+  8% 

+  H)% 

+  117% 

P  values* 

0.4  <P  <0.5 

0.2  <P  <0.8 

<0.001 

c)  C'ortisone  action  on 

iodothyronine  re¬ 
sponse’ 

P  <0.001 

P  <0.001 

0.8<P<0.4 

‘  2X.T  niK.  cortisono  acotatp  (suhcutancoiis  injection). 

*  Significance  level  of  change  in  oxygen  consumption  as  affected  hy  administration  of 
thyroxine  or  triiodothyronine. 

*  Significance  level  of  cortisone-induced  modification  of  response  to  thyroxine  or  tri¬ 
iodothyronine. 


thyroxine  administration  did  not  increase  it  further  to  a  .significant  degree. 
In  the  triiodothyronine-treated  animals,  the  mean  oxygen  consumption 
was  more  than  doubled,  but  cortisone  pretreatment  failetl  to  alter  the  re- 
spon.se. 

The  results  of  radioactive  phosphorus  .studies  appear  in  Table  2.  The 
coefficient  of  phosphorus  outflux  from  the  labeled  cells  was  studied  in  nor¬ 
mal  animals  (Group  I),  hypophysectomized  Imt  otherwise  untreated  ani¬ 
mals  (Group  II),  hypophysectomized  rats  treated  with  10  /ug.  thyroxine 
(Group  III),  hypophysectomized  rats  treated  with  30  ng.  thyroxine 
(Group  IV),  and  hypophysectomized  rats  injected  with  8.3  fxg.  of  triiodo¬ 
thyronine  (Group  V).  In  Groups  III  and  IV  pretreatment  with  cortisone 
lowered  the  re.spon.se  to  thyroxine  administration.  On  the  contrary,  in 
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Table  2.  The  action  of  cortisone  in  modifying  the  disappearance  rate  of 

P"  FROM  P”  LABELED  RED  BLOOD  CELLS  (SP“)  IN  HYPOPH YSECTOMIZED  RATS 
TREATED  WITH  THYROXINE  OR  TRIIODOTHYRONINE.  SP“  IS  IN 
FRACTIONAL  DISAPPEARANCE  PER  MINCTE  X  10'^ 


Rat-x 

Normal 

Hypophyseetomized 

(irouj)  Xo. 

I 

II 

III 

IV 

V 

Treatment 

0 

0 

Thvroxine 
10  Mg. 

Thvroxine 
HO  Mg.  . 

Triiodo¬ 

thyronine 

8.H  Mg- 

a)  Without  cortisone 
Number  of  rats 

SP” 

1*  values* 

6.910.5  ' 

5 

5.9±0.‘2 

5 

0.8 +().:! 
<0.001 

0 

8.4±0.:i 

<0.001 

5 

7.1)  ±0. a 
<0.001 

b)  With  cortisone^ 

Number  of  rats 

SP** 

P  values 

5 

5.9±o.:i 

>0.0 

7 

7.0±0.8 

<0.01 

0 

8.0±0.0 

<0.001 

c)  P  values  of  eortisone 
aetion*  iodothyronine 
response 

P  <0.001 

P<0. 1 

0.7  <P  <0.8 

'  2X5  ing.  corti.soiu*  acc'tatc  (sulx-utanc'oiis  injc-ftion). 

*  Significance  level  of  change  in  SP”  as  affected  by  administration  by  thyroxine  or  tri¬ 
iodothyronine  to  hypophysectomized  rats. 

’  Significance  U'vel  of  cortisone-induced  modification  of  response  to  thyroxine  or  tri¬ 
iodothyronine. 


CJroup  V,  cortisone  pretreatment  had  no  effect  on  triiodothyronine  stimu¬ 
lation  of  phosphorus  outflux. 


COMMENT 

Knowledge  of  the  action  of  adrenocortical  steroids  on  thyroid  function 
is  incomplete.  This  action  has  been  principally  studied  by  two  methods: 
evaluation  of  I’’*  metabolism,  and  degradation  of  the  circulating  hormone 
either  labeled  by  or  measured  as  protein-bound  iodine.  The  first  studies 
disclosed  a  lowering  of  uptake  by  the  thyroid  in  man  (1,  21)  as  well  as 
in  rat  (22,  23,  24).  Other  observations  in  rats  indicated  that  increased 
renal  clearance  of  I***  during  cortisone  treatment  explained  the  reduced 
iodine  uptake  by  the  thyroid  (o,  23).  On  the  other  hand,  studies  in  man 
(1,  5)  and  in  the  dog  (25)  failed  to  show  any  modification  by  cortisone  of 
thyroxine  degradation  or  serum  precipitable  iodine.  Bondy  and  Hage- 
wood  (7)  reported  that  administration  of  cortisone  to  thyroidectomized 
rats  treated  with  thyroxine  was  accompanied  by  marked  increase  of  pro¬ 
tein-bound  iodine. 

There  are  only  a  few  data  concerning  peripheral  interrelationships 
among  steroids  and  thyroid  hormones.  A  depressive  action  of  cortisone  or 
ACTll  on  the  response  to  thyroxine  is  reported  in  hypophysectomized  rats 
(6),  in  normal  and  thyroidectomized  rats  (7),  and  in  isolated  cardiac  mus¬ 
cle  (26). 

The  precise  mechanism  whereby  thyroxine  induces  its  peripheral  action 
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is  not  known  at  present,  although  several  theories  have  been  suggested 
(1  ardy  (27),  Barker  (28),  and  Lehninger  (29)).  Also,  it  is  not  known 
w  lether  thyroxine  acts  directly,  or  only  after  deiodination  to  triiodothy- 
rt  line  or  some  other  intermediate  (11,  80).  However,  the  appearance  of 
la  ^eled  T3  in  the  plasma  after  administration  of  labeled  T4  (9),  and  the 
fiiiding  of  relatively  high  concentration  of  T3  in  certain  organs  (10)  has 
SI  jgested  to  Gross  and  Pitt-Rivers  that  “the  circulating  hormone,  thy- 
r(  <ine,  does  not  pass  as  .such  into  the  tis.sues  from  plasma,  but  is  periph- 
ei  illy  deiodinated  to  triiodothyronine  which  can  then  pass  into  the  tissue 
c(  Js”  (11).  Others  have  also  suggested  that  T3  or  a  derivative  of  T3  is  the 
ai  live  form  of  the  hormone  (13,  14,  30). 

The  results  which  are  reported  here  on  hypophy.sectomized  rats  indicate 
that  cortisone  inhibits  the  response  to  T4  but  not  to  T3.  The  ditferential 
eficct  has  been  observed  both  in  terms  of  oxygen  consumption  and  release 
of  P'^-  from  in  vitro  labeled  red  cells.  The  findings  are  consistent  with  the 
h}  pothesis  that  cortisone  inhibits  the  deiodination  of  T4  to  T3.  It  is  also 
possible  that  the  effect  of  cortisone  is  due  to  an  alteration  in  cell  penetra¬ 
tion  to  one  of  the  two  su))stances  or  to  a  differential  effect  on  metabolic 
pathways  or  to  some  other  undisclosed  cause. 
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ABSTRACT 

Normal  rats  were  either  foree-fed  or  allowed  to  eat  ad  libitum  a  moderate 
carbohydrate  diet  for  3-4  weeks.  The  amount  of  food  Riven  to  the  force-fed 
groups  was  adjusted  to  maintain  a  rate  of  weight  gain  equal  to  that  of  the  ani¬ 
mals  eating  ad  libitum.  At  the  end  or  during  the  feeding  period,  .several  param¬ 
eters  of  thyroid  function  were  measured,  namely,  thyroidal  I*’*  uptakes,  the 
thyroid /.serum  (T  S)  concentration  ratios  for  radioiodide,  the  j)ercent  of 
administered  1'^'  converted  to  serum  and  the  rate  of  thyroid  regeneration 

after  hemithyroidectomy.  These  criteria  of  thyroid  function  indicate  that  force 
feeding  produces  hypothyroidism.  On  the  basis  of  T/S  ratios  and  thyroid 
weights,  the  diminished  thyroid  activity  associated  with  tube  feeding  seems  to 
he  secondary  to  decreased  TSH  release  as  a  result  of  hypofunction  of  the 
anterior  i)ituitary. 

Levin  ha.s  presented  data  demonstrating  that  as  a  result  of  forcedfeeding, 
J  rats  accumulate  body  fat  in  quantities  greater  than  tho.se  found  in 
animals  of  a  comparable  body  weight  eating  ad  libitum  (1).  Apparently  be¬ 
cause  this  finding  was  incidental  to  the  primary  purpose  of  his  study.  Levin 
commented  only  in  passing  on  this  phenomenon.  In  a  previous  publication 
from  this  laboratory,  again  as  a  chance  observation,  we  also  found  that 
when  young  adult  normal  rats  were  fed  by  stomach  tube  quantities  of  a 
diet  which  enabled  them  to  gain  weight  at  the  same  rate  as  other  animals 
eating  the  same  diet  ad  libitum,  the  force-fed  group  amassed  an  excess  of 
l)ody  fat  (2).  Con.sequently  we  performed  further  studies  to  elucidate  the 
l)ossil)le  mechanisms  responsible  for  the  differences  in  body  composition 
which  appeared  to  result  from  the  manner  of  feeding  (3).  These  experi¬ 
ments  indicated  that  the  greater  body  fat  content  of  our  force  fed  animals 
could  not  be  attributed  to  (a)  a  greater  caloric  intake  by  the  force-fed 
group;  (b)  the  handling  the  animals  received  during  the  force  feeding  pro¬ 
cedure;  (c)  the  ingestion  of  the  day’s  ration  of  food  in  two  large  quantities 
over  a  limited  time  period. 

Received  May  20,  1957. 
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With  similar  caloric  intakes  by  the  two  groups  of  animals  l)ut  with  an 
increased  caloric  retention,  in  the  form  of  fat,  in  the  tube-fed  ones,  it  v  as 
obvious  that  these  rats  were  expending  fewer  calories.  It  therefore  .  p- 
peared  desirable  to  determine  what  effect,  if  any,  the  manner  of  feed  ng 
may  have  had  on  thyroid  activity.  Accordingly,  several  parameters  of 
thyroid  function  were  measured  in  rats  which  were  either  allowed  to  ( at 
ad  libitum  or  which  were  force-fed.  The  results  obtained  from  these  studies 
form  the  basis  of  this  report. 

METHODS 

Male  Holtzman  rats,  of  ai)i)roxiinately  120  uni.  body  weight  at  the  start  of  the  feeding 
regimens,  were  used  in  the  experiments  and  were  housed  two  animals  to  a  cage.  'Hie 
animals  were  divided  into  two  groujis,  those  which  consumed  their  diet  ad  libitum  and 
those  which  were  force-fed.  .Vll  the  animals  received  a  modified  form  of  the  moderate 
carbohydrate  diet’  described  by  Ingle  (4),  the  composition  of  which  is  given  below. 

The  animals  eating  ad  libitum  had  access  to  their  food  at  all  times  and,  excejit  as 
noted  below  in  one  experiment,  consumed  the  solid  diet.  .Vfter  the  rats  reached  a  weight 
of  between  150-  KiO  gm.,  they  were  weighed  at  least  three  times  weekly  and  their  feed¬ 
ings  continued  for  an  additional  14  days.  .\t  that  time,  studies  to  evaluate  thyroid 
activity  were  iierformed. 

The  force-fed  animals  were  adapted  to  the  liejuid  diet,  so  as  to  prevent  food  shock, 
and  then  were  tube  fed  twice  daily,  before  9  .\.m.  and  after  4:15  p.m.  These  rats  likewise 
were  weighed  at  least  three  times  a  week  once  they  had  achieved  a  body  weight  of 
between  150-100  gm.  and  the  feedings  continued  for  two  weeks  thereafter.  The  quantity 
of  food  admini.stered  to  these  animals  was  adjusted  so  as  to  maintain  a  rate  of  weight 
gain  w  liich  was  comparable  to  the  gain  of  the  rats  eating  ad  libitum.  .\t  the  conclusion 
of  the  two  week  period  of  observation,  studies,  similar  in  nature  to  those  j)erformed  on 
the  animals  eating  ad  libitum,  were  carried  out. 

When  adrenalectomized  animals  were  utilized,  the  adrenals  were  removed  by  the 
lumbar  route  under  ether  anesthesia  and  the  rats  were  given  1%  saline  as  drinking 
water.  I'he  control  animals  for  this  study  were  subjected  to  “sham”  adrenalectomy. 

In  the  exjjeriments  in  which  the  degree  of  compensatory  thyroid  hypertrophy  was 
used  as  an  index  of  thyrotropin  secretion,  es.sentially  the  procedure  of  Clifton  and  Meyer 
was  employed  (5).  The  left  lobe  of  the  thyroid  and  half  of  the  isthmus  were  removed 
under  ether  anesthesia  and  weighed.  'Phirty  days  later  the  animals  were  killed  and  the 
right  lobe  and  right  half  of  the  isthmus  were  dissected  out  and  weighed.  The  weight  of 
the  right  lobe  and  half  of  the  isthmus,  i.e.,  the  regenerated  thyroid  remnant,  minus  the 
weight  of  the  original  half  of  thyroid  was  used  as  a  measure  of  endogenous  T8H  activity. 

'riiyroidal  u|)takes  of  P’*  were  measured  for  a  24-hour  j)eriod  by  injecting  2-3  /ic  of 
cairier-free  XaP”  intrai)eritoneally  in  the  morning,  continuing  the  respective  feedings 


’  H.VSIC  IXtJHEDIEXTS; 

Salt  (Wesson)  20  gm.  Casein  hydrolysate  (enzymatic)  95  gm. 

Liver  powder  concentrate  10  gm.  Lactalbumin  hydrolysate  (enzymatic)  10  gm. 

Methionine  2  gm.  Corn  starch  110  gm. 

2-methyl  naphthocpiinone  50  mg.  Sucrose  110  gm. 

C'od  liver  oil  5  ml.  Dextrin  105  gm. 

Wheat  germ  oil  5  ml.  Mazola  oil  100  g  a. 

Vitamin  H  syrup  30  ml. 


Liquid  diet;  30  gm.  of  Ccllu  Flour  and  water  to  make  the  final  volume  up  to  1000  nJ. 
were  added  to  the  basic  ingredients. 

Solid  diet;  250  ml.  of  5%  agar  agar  and  250  ml.  of  water  were  added  to  the  ba  ic 
ingredients. 
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ad  libitum  or  force  feeding),  for  tlie  remaiiuler  of  the  day,  and  sacrificing  the  animals  on 
he  following  morning,  24  hours  after  injection.  At  this  time  the  animals  were  anesthe- 
ized  with  ether,  e.xsanguinated  from  the  vena  cava  into  a  hejiarinized  syringe,  and  tlie 
hyroids  removed  and  dissolved  individually  in  measured  amounts  of  30%  KOH.  The 
.ptakes  were  determined  by  counting  duplicate  ali(iuots  of  the  thyroid  digests  in  a  scin- 
illation  well  counter  and  comparing  the  results  obtained  against  the  counts  recorded  on 
dluted  aliquots  of  the  P’*  used  for  injection.  Samples  were  counted  sufficiently  long  to 
•‘(luce  the  counting  error  to  2%  or  less.  The  uptakes  of  P^'  by  the  thyroids  are  expressed 
s  percent  of  the  P^'  injected. 

PBI”'  was  measured  by  ])ooling  heparinized  ])lasma  from  two  rats,  ])recii)itating  and 
ashing  the  i)roteins  by  the  method  of  Fields  and  Kajjlan  (fi)  and  counting  the  protein 
.ound  P”  in  the  well  counter.  'I'lie  results  are  expressed  as  percent  of  dose  i)er  ml.  of 
•lasma. 

T/S  ratios  for  radioiodide  were  measured  as  de.scribed  by  VanderLaan  and  Greer  (7). 
I'his  procedure  enables  one  to  estimate  the  |)erformance  of  the  thyroidal  iodide  inimp; 
tlie  thyroid  serum  radioiodide  concentration  ratio  is  measured  at  e(piilibrium  after  inhi- 
oition  of  organic  binding  of  iodide  with  one  do.se  of  |)ro|)ylthiouracil. 

RESULTS 

(a)  24  hour  uptakes  by  thyroid  glands  of  rats  eating  ad  libitum  compared 
irith  the  uptakes  by  thyroids  of  rats  which  u'cre  force-fed 

Table  1  .show.s  that  the  tliyroidal  uptake.s  of  rats  eating  ad  libitum 


Table  1.  Ekkeci 

'  <»K  FEKDING  PROCKDrUKS  0\  UPTAKES  BY 

THYROIDS  OK  RATS 

Ty|)e  of  feeding 

Ad  libitum  (21)*  Force-fed  (17)* 

Final  mean  body  weight  (gm.) 
24-hour  thyroidal  P^*  uptake.s 

230  227 

7.04+0.43*  4.71+0.31* 

'  In  this  and  subscejuent  tables,  number  iti  parentheses  is  the  number  of  rats  jier  groiqi. 
2  In  this  and  subsecpient  tables,  values  given  are  the  mean  ±  standard  error. 


were  approximately  42%  greater  than  tlie  uptakes  of  tube-fed  animals  of 
the  same  body  weight. 

(b)  24  hour  thyroidal  /**'  uptakes  in  rats  which  either  ate  or  were  force-fed  the 
same  diet 

The  results  given  in  Table  1  were  obtained  with  the  animals  which  had 
free  access  to  food  consuming  the  solid  diet.  The  force-fed  animals  were 
given  the  liquid  diet.  Since  the  two  diets  differ  with  respect  to  the  bulk 
former  used,  it  was  decided  to  determine  whether  some  property  of  these 
products  could  account  for  the  results  that  we  had  observed.  To  control 
this  po.ssibility,  thyroidal  I*®'  uptakes  and  the  per  cent  of  the  dose  of  ad¬ 
ministered  converted  to  serum  were  evaluated  in  three  groups 

of  animals  (a)  rats  eating  the  solid  diet  ad  libitum  (b)  rats  eating  the  liquid 
diet  ad  libitum  and  (c)  rats  force-fed  the  liquid  diet. 
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TaBLK  2.  KFKEfT  OK  FEEDING  I'ROt’EDl  RES  AND  TYPES  OF  DIETS  OX 
INDICES  OF  THYROID  FUNCTION  IN  RATS 


Diet  and  method  of  feeding 

Solid  diet 

Ad  libitum  (10) 

Licpiid  diet 

Ad  libitum  (10)  Force-fed  (7) 

Weight  gain,  gin.  14  (lavs 

tl2 

08 

o:t 

Final  hodv  weight,  gm. 

2:ti 

2:tG 

2:)o 

24-hoiir  thvroidal  I”'  uptakes 

(%  of  injected  dose) 

!».:)+(). 81 

10.0+0.40 

4.0+0.20 

(%  of  injected  dose  jier  ml. 

of  plasma  at  24  hours) 

().o:t7 

0.025 

0.0007 

The  results  of  this  study  are  given  in  Table  2.  It  may  be  seen  that  weight 
gains  and  final  body  weights  of  all  three  groups  of  animals  were  similar. 
However,  the  uptakes  of  P®*  differed  between  the  groups  in  that  the  ability 
of  the  thyroid  to  take  up  was  dependent  on  hoic  the  animals  received 
their  food,  not  on  whether  they  were  ingesting  the  liquid  or  solid  diet.  The 
results  of  the  incorporation  of  the  admini.stered  into  serum  PBP®’  rein¬ 
forced  those  of  the  thyroidal  uptakes;  the  rats  eating  ad  libitum  incorpor¬ 
ated  3-4  times  as  much  I'®*  into  PBP®’  as  did  tho.se  of  the  force-fed  group. 
From  the  above  results,  we  concluded  that  neither  agar  agar  nor  Cellu 
Flour  had  characteristics  or  properties  which  were  contributing  to  the 
thyroidal  P^‘  uptakes. 

(c)  24-hour  thyroidal  /***  uptakes  as  influenced  by  handling 

We  have  reported  previously  that  handling,  in  the  form  of  passage  of  a 
.stomach  tube  twice  daily  in  rats  which  were  eating  ad  libitum,  did  not 
cau.se  any  increa.se  in  body  fat  (3).  Subsequently,  it  occurred  to  us  that  the 
pas.sage  of  a  .stomach  tube  might  have  induced  hypothyroidism  but  that 
no  increa.se  in  body  fat  resulted  becau.se  of  the  development  of  a  decreased 
appetite  and  consequent  decrea.sed  caloric  intake.  With  this  in  mind,  the 
experiments  were  repeated  in  order  to  measure  uptakes  under  the  fol¬ 
lowing  condition:  (1)  rats  eating  ad  libitum,  unhandled;  (2)  rats  eating  ad 
libitum,  who.se  mouths  were  opened  twice  daily  as  if  they  were  to  be  tube- 
fed;  (3)  rats  eating  ad  libitum,  which  had  a  stomach  tube  but  no  food 
pas.sed  into  their  stomach  twice  daily;  (4)  rats  which  were  force-fed. 

Table  3  shows  that  weight  gains  and  l)ody  weights  did  not  differ  in  any 
of  the  groups.  The  thyroidal  P®‘  uptakes  were  similar  in  all  the  rats  eating 
ad  libitum,  regardle.ss  of  whether  they  were  handled  or  not  and  irrespective 
of  how  they  were  handled.  By  contrast,  the  force-fed  animals  again  ex¬ 
hibited  diminished  P®*  uptakes  by  their  thyroids.  It  was  apparent  to  us 
that  something  associated  with  the  entry  of  food  into  the  stomach  under 
the  conditions  of  tube  feeding  was  responsible  for  the  reduction  in  up¬ 
takes  by  the  thyroid. 
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Table  3.  Effect  of  haxdlixc.  axd  feedixc.  procedi  res  ox 

THYROIDAL  I”*  UPTAKES 


HiiniUing  ami  nipthod  of  feediiig 


Ad  libitum 

Force-fed 

(15) 

Unhandled 

(12) 

Mouth 
opened  (12) 

Tubed  (12) 

Veight  gain,  gni./25  davs 

105 

120 

1'24 

128 

inal  bodv  weight,  gin. 

280 

201 

272 

265 

.'1-hour  thyroidal  I*’’  ujitakes 
(%  of  injected  dose) 

8.2+0.55 

7 . 8  ±0 .56 

8.6±0.6;i 

5.010.20 

(1)  Effect  of  manner  of  feeding  on  pituitary  and  or  hypothalamic  injltcences 
•  01  thyroid  function 

Diminished  tliyroid  function  as  a  result  of  forced  feeding  could  he  caused 
hy  either  decreased  thyroid  activity  per  se  or  by  decreased  function  sec¬ 
ondary  to  reduced  TSH  output  as  a  result  of  pituitary  and  or  hypothal¬ 
amic  hypofunction.  Two  methods  were  utilized  to  explore  the  possibility 
lliat  the  pituitary  and  or  hypothalamus  were  primarily  responsible  for  our 
tindings. 

In  the  first  experiment  lot)  gm.  rats,  which  were  either  force-fed  or  al¬ 
lowed  free  access  to  food,  were  hemithyroidectomized  and  the  feedings  of 
the  appropriate  regimen  continued  for  80  days.  At  that  time,  P'*'  uptakes 
hy  the  thyroids  were  measured,  as  well  as  the  weight  of  the  regenerated 
thyroid  remnant.  As  may  be  seen  from  Table  4,  the  thyroid  remnants  in 
the  rats  eating  ad  libitum  regenerated  to  twice  the  weight  of  those  of  the 
force-fed  animals.  Furthermore,  the  thyroidal  uptakes  of  the  force-fed 
rats  were  only  33%  of  tho.se  of  the  ones  eating  ad  libitum.  Both  re.sults  are 
con.sistent  with  diminished  thyroid  activity  secondary  to  decreased  pitui¬ 
tary  and  or  hypothalamic  function  with  respect  to  TSH  .secretion. 

Further  evidence  for  decreased  TSH  release  in  the  force-fed  animals  was 
adduce'd  from  the  ob.servation  of  the  thyroid  .serum  concentration  ratios 
for  radioiodide,  performed  as  recommended  by  VanderLaan  and  Greer  (7). 
Under  the  proper  circumstances,  T  S  ratios  serve  as  a  delicate  measure  of 
endogenous  TSH  relea.se  (8).  Utilizing  this  technique,  we  obtained  data 
(Table  5)  which  showed  that  in  our  animals  with  free  acce.ss  to  food  the 
T  S  was  27:1;  normal  values  are  said  to  approximate  25:1  (7,  0).  By  con- 

Table  4.  Effect  of  feedixc.  procedures  ox  indices  of  TSH  activity  ix  rats 


Tyj)!*  of  feeding 


-Id  libitum  (12) 
Force-fed  (14) 


Thyroid  data 

Final  -  -  _  —  -  - 


ly  weights 

Left  lobe 

Right  lobe  minus 

24  hour  thyroidal 

(gni.) 

weight 

left  lobe 

uptakes 

(mg.) 

weight  (mg.) 

(%  injected  dose) 

306 

4.5 

0.1  +0.71 

5.610. .38 

202 

3.3 

4.4 +().:« 

1 .710.07 
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Table  5.  Effect  of  feedixo  procedi  res  ox  thyroid/sercm 

RADIOIODIOE  COXCEXTRATIOX  RATIOS 


Type  of  feeding 

Ad  libitum 

(9)  Force-fed  (6) 

Final  hodv  weight,  gin. 

:i:io 

All 

T .  S  ratios  for  1'®' 

2t).8±l  . 

M  17.  til  1.82 

trast,  our  force-fed  animals  showed  an  average  T  S  for  radioiodide  ot 
18:1,  a  figure  84%  lower  than  our  control  values.  These  findings  are  als(. 
consistent  with  the  possiliility  that  pituitary  hypofunction  with  respect  to 
TSH  release  or  production  could  be  responsible  for  the  decrease  in  thyroid 
activity  in  the  force-fed  animal. 

(e)  24  hour  thyroidal  uptakes  in  intact  and  adrcnalectoniized  rats  which 
ate  ad  libitum  or  were  forcc-fed 

The  results  given  in  (d;  above  appeared  to  indicate  that  the  reduced  thy¬ 
roid  function  in  the  force-fed  animals  was  .secondary  to  a  decrease  in  TSll 
secretion.  It  therefore  seemed  desirable  to  study  the  possibility  that  an  in¬ 
creased  rate  of  ACTH  and  adrenal  cortical  steroid  .secretion,  as  a  result  of 
the  “stre.ss”  of  forced  feeding,  might  be  responsible  for  the  diminished  re- 
lea.se  of  TSH.  Included  in  the  conflicting  data  on  the  relationship  of  ACTII 
and  adrenal  steroids  to  TSH  secretion  are  studies  demonstrating  an  inhibi¬ 
tory  eflect  of  corticotropin  and  the  adrenal  cortical  steroids  on  TSH  relea.se 

(id,  11). 

Thyroidal  uptakes  were  estimated  in  normal  and  adrenalectomized 
animals  two  weeks  after  adrenalectomy  and  “sham”  adrenalectomy.  As 
shown  in  Table  6,  adrejialectomy  had  no  influence  on  the  diminished 
uptakes  that  were  attendant  on  forced  feeding.  Had  an  increased  secretion 
of  ACTH  and  adrenal  cortical  steroids  played  a  role  in  our  results  in  intact 
animals,  the  force-fed  adrenalectomized  rats  should  not  have  shown  any 
deviation  from  the  adrenalectomized  animals  eating  ad  libitum. 

DISCUSSION- 

The  thyroid  .stimulating  hormone  of  the  anterior  pituitary  is  con.sidered 
to  influence:  (a)  the  rate  of  concentration  of  iodide  by  the  thyroid,  and  in 


Table  6.  Lack  of  effect  of  adrexalectomy  ox  the  decreased  thyroidal 
1131  i  ptakes  rescltixg  from  forced  feedixg 


Type 

of  rat 

Norm 

al 

Adrenalectomized 

Fed  (1(1  lib. 

Force-fed 

Fed  ad  lib. 

Force-fed 

(6) 

(5) 

(5) 

(5) 

24-hour  thyroidal  P” 
{%  injected  dose) 

uptakes 

10.611.11 

5.810.4:1 

10.810.64 

5.610.51 
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t\  rii,  the  rate  of  thyroid  hormone  synthesis;  (h)  the  rate  of  release  of  thy- 
n  id  hormone(s)  from  the  tliyroid;  (c)  tlie  size  and  structure  of  the  thyroid 
gi  ind.  In  the  present  study  two  of  the  effects  of  TSII  on  the  thyroid  were 
u  ilized  for  evaluating  the  rate  of  secretion  of  tlie  pituitary  hormone — the 
aiHity  of  the  thyroid  to  concentrate  iodide  and  tlie  extent  of  growth  of 
tl  e  thyroid  after  hemithyroidectomy.  Using  both  criteria,  and  assuming 
tl  at  other  variables  which  could  influence  these  parameters  were  not  al- 
t(  red,  our  results  suggest  that  there  was  diminished  TSII  release,  with  re- 
srltant  decreased  thyroid  activity,  in  the  force-fed  animal,  as  compared  to 
c<  iitrols  eating  ad  libitum. 

Two  methods  were  used  for  crudely  assaying  endogenous  TSII  activity: 
(cl  the  rate  of  thyroid  regeneration  after  hemithyroidectomy  and  (b) 
T  S  ratios  for  radioiodide.  Clifton  and  Meyer  (5)  utilized  the  former  pro- 
C(dure  for  evaluating  the  effect  of  food  intake  on  the  secretion  of  thyro¬ 
tropin  under  conditions  similar  to  ours.  The.se  authors  found  no  difference 
ill  fhe  weight  of  the  regenerated  thyroids  of  their  animals  in  experiments 
comparable  to  the  ones  we  performed.  The  di.ssimilarity  between  our  re¬ 
sults  and  those  of  Clifton  and  Meyer  could  be  accounted  for  by  the  fact 
that  our  experiments  were  carried  on  for  30  days  after  hemithyroidectomy 
whereas  Clifton  and  Meyer  sacrificed  their  rats  after  1.5  days.  In  addition, 
the  thyroid  glands  of  our  animals  eating  ad  libitum  regenerated  to  weights 
approximately  1.50%  of  the  original  weight  of  the  gland.s — from  0  to  13 
mg.  By  contrast,  the  thyroids  of  the  animals  studied  by  Clifton  and  Meyer 
had  not  regenerated  to  even  their  original  weight  at  the  time  of  sacrifice, 
being  about  0.4  mg.  at  the  time  of  original  thyroidectomy  and  achieving  a 
weight  of  only  4.2  mg.  at  the  end  of  the  1.5-day  period.  Becau.se  of  such 
slow  growth,  differences  between  ad  libitum  and  force-fed  animals  could 
not  be  distinguished;  with  the  excellent  growth  that  we  ob.served,  differ¬ 
ences  were  easily  discernible.  The  decrea.se  in  T  S  ratios  for  P®'  in  the  tube- 
fed  animals  is  also  consistent  with  a  diminished  thyroidal  stimulus  by 
'I'SH.  Our  values  for  the  force-fed  rats  are  not  so  low  as  the  ones  seen  after 
complete  hypophysectomy ;  however,  our  results  are  not  intended  to  imply 
that  complete  absence  of  TSII  release  occurred  in  the  force-fed  animal. 

Dietary  influences  have  been  demonstrated  to  influence  parameters  of 
thyroid  activity.  An  increa.se  in  the  dietary  intake  of  iodide  is  u.sually  a.s- 
sociated  with  a  decrease  in  the  rate  of  thyroidal  P^’  uptake;  a  deficient 
ilietary  intake  has  the  opposite  effect.  In  addition,  goitrogens  pre.sent  in 
the  food  will  likewise  alter  indices  of  thyroid  activity.  In  order  to  rule  out 
the  po.ssibility  that  such  factors  maj’  have  been  present  in  either  the  agar 
agar  or  Cellu  Flour  and  hence  influenced  thyroidal  radioiodide  uptakes, 
the  experiment  listed  under  (b)  was  performed.  Finding  no  difference  in 
the  thyroidal  P^*  uptakes  in  rats  eating  either  the  agar  agar  or  Cellu  Flour 
diet  but  observing  a  decrea.se  in  the  concentrating  ability  for  P'^'  by  the 
thyroid  gland.s  of  the  rati^  force-fed  the  Cellu  Flour  diet,  it  appears  to  us 
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that  neither  iodide  contamination  nor  the  presence  of  goitrogens  con'd 
explain  the  results  we  obtained. 

“Handling”  has  been  reported  to  enhance  growth  and  food  iitilizatit.n 
(12,  13,  14),  In  addition,  “handling”  is  said  to  result  in  decreased  thyroid 
activity  (14).  However,  from  our  previous  studies  with  respect  to  body 
composition  and  the  pre.sent  ones  on  thyroid  function,  the  handling  th.it 
we  employ  during  the  feeding  procedure  (the  passage  of  a  stomach  tube) 
does  not  appear  to  influence  thyroid  activity.  Decreased  thyroidal  con¬ 
centrating  ability  for  appears  to  be  associated  with  force  feeding  per  si'. 

With  the  development  of  hypothyroidism  attendant  on  forced  feeding, 
it  becomes  clear  why  animals  fed  in  such  a  fashion  deposit  increa.scd 
amounts  of  fat  as  compared  to  other  animals  eating  ad  libitum.  With 
.similar  caloric  intakes  but  decreased  caloric  expenditures  by  the  tul)e-fed 
groups,  the  unexpended  calories  accumulate  as  fat.  Scow  (15)  has  shown 
that  when  thyroidectomized  rats  are  force-fed  a  smaller  caloric  intake  than 
normal  animals  fed  in  a  like  manner,  the  animals  lacking  their  thyroid 
glands  deposit  increa.sed  quantities  of  fat,  a  finding  analogous  to  ours. 

The  mechanism  responsible  for  the  development  of  the  hypothyroidism 
is  not  apparent  at  present.  Force  feeding  by-pa.s.ses  the  salivary  glands  and 
perhaps  leads  to  some  decrease  in  their  function;  Wa.se  and  Feng  (Hi) 
have  reported  that  removal  of  the  salivary  glands  in  mice  results  in  dimin¬ 
ished  thyroid  function.  It  is  also  po.ssible  that  disten.sion  of  the  stomach, 
such  as  occurs  with  forced  feeding,  may  excite  efferent  inhibitory  stimuli 
to  the  pituitary  or  hypothalamus. 
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THE  KXTRARENAL  EFFECT  OF  ADRENALECTOMY 
OX  SC)DIU:\I  AND  POTASSIUM  DISTRIBUTION 
IN  THE  RAT* 
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AND  CONSTANCE  L.  FRIEDMAN 

Depnrlmenl  of  Anatomy,  The  I'niveruty  of  British  Columbia,  Vaneoui'er,  Canada 

ABSTRACT 

The  chanfiinf^  pattern  of  sodium  and  ])otassium  distribution  during!;  tlie  first 
72  liours  after  adrenal  extirpation  and  the  relation  of  this  pattern  to  blood  jrres- 
sure  was  studied  in  a  series  of  experiments  in  rats  not  provided  with  any  form 
of  maintenance  therapy.  Blood  pre.ssure  declines  sijjnificantly  within  3  hours 
after  adrenalectomy.  This  decline  continues  steeply  over  the  next  few  hours  hut 
levels  out  within  24  hours  to  remain  steady  for  the  next  two  days.  In  a  i)arallel 
time  secpience,  sodium  and  water  move  out  of  the  extracellular  phase  while  a 
smaller  amount  of  potassium  moves  in.  These  chanj'es  can  be  clearly  demon¬ 
strated  even  in  the  absence  of  the  kidney.  .\|)i)arently  the  effects  of  adrenalec¬ 
tomy  are  rapid  in  onset  but  are  partially  opposed  by  secondary  factors  which 
tend  to  establish  a  new  equilibrium. 

WE  HAVE  recently  demonstrated  that  agents  which  cause  acute 
pressor  or  depressor  effects  in  the  rat  and  dog  simultaneously  cause 
tran.sfers  of  sodium  and  water  l)etween  cells  and  their  environment  (1,  2). 
Ba.sed  on  tlie.se  findings,  we  liave  pre.sented  the  theory  that  the  regulation 
of  blood  pre.ssure  depends,  inter  alia,  on  the  sodium  transfer  .systems, 
hroailly  defined.  The  pre.sent  report  is  concerned  with  an  examination  of 
the  relation  between  the  hypotensiv’e  effect  of  adrenalectomy  and  the  shifts 
of  sodium  and  potassium  which  occur  in  this  condition.  The  experiments 
are  concerned  with  a  detailed  time  study  covering  the  first  seventy-two 
hours  after  adrenal  extirpation  in  the  rat  without  maintenance  therapy. 

METHODS 

The  basic  methods  have  been  described  in  detail  elsewhere  (2,  .3).  Briefly,  groups  of 
rats  are  bilaterally  nephrectomized  and  injected  intravenously  with  a  measured  amount 
of  inulin  (12  mg.  100  gm.).  'I'lie  volume  distribution  of  inulin  together  with  i)lasma  Xa 
and  K  concentrations  are  then  measured  after  two  hours  of  inulin  ecjuilibration.  .\  sec¬ 
ond,  and  sometimes  a  third,  estimation  of  the.se  values  is  carried  out  at  .selected  later 
intervals.  'I'he  concern  in  these  trials  is  with  the  degree  and  direction  of  change  during 
the  particular  interval  being  measured.  I'he  procedure  under  test,  in  these  experiments 
adrenalectomy,  is  interpo.sed  at  selected  times  in  the  test  groups  for  comparison  with 
appropriate  controls. 

In  some  e.xj)eriments,  for  the  jrurpose  of  direct  comparison  with  intact  controls,  the 
Received  .fune  19,  19.57. 

*  This  work  was  carried  out  with  the  aid  of  a  grant  from  the  Ciba  Company  Limited. 
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Fig.  1.  Blood  pressure  clianges  witli  time  in  adrenalectomized  rats. 
The  number  of  animals  in  each  kiouj)  is  indicatetl  in  parentheses. 


extracellular  amounts  of  Na,  K,  and  water  are  measured  at  static  single  {loints  only, 
rather  than  at  intervals. 

Blood  pressure  was  measured  electromanometrically  in  all  cases  immediately  prior 
to  blood  samiiling.  .Ml  blood  samples  were  taken  from  the  femoral  artery  and  in  no  case 
exceeded  0.6  cc.  .Vll  operative  procedures  were  performed  under  light  ether  anesthesia. 

Inulin  was  analyzed  by  the  method  of  Higashi  and  Peters  (4),  Na  and  K  by  flame 
photometry  using  a  Beckman  Model  B  photometer. 

(Iroups  of  at  least  S  adult  male  albino  rats  of  an  inbred  Wistar  strain  weighing  apin  o.x- 
imately  250  gm.  were  used  in  all  cases.  The  procedures  are  detailed  further  under  each 
experimental  heading. 


RESULTS 

Blood  pressure  changes  folloieing  adrenalectomy 

Twenty  .separate  experiments  involving  191  control  and  191  adrenalec¬ 
tomized  rats  were  available  for  analysis.  These  experiments  in  each  case  in¬ 
volved  matched  groups  of  rats  and  covered  the  period  from  3  to  72  hours 
after  adrenalectomy  without  any  special  maintenance  therapy.  (Other  data 
concerning  most  of  these  same  experiments  are  discussed  later.) 

Figure  1  shows  that  as  early  as  3  hours  after  adrenalectomy  the  blood 
pressure  (sy.stolic  and  diastolic)  has  declined  significantly  (p>0.01),  that 
it  continues  to  decline  throughout  the  first  day  and  then,  reaching  a  new 
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Table  1.  The  distribitiox  of  Nb,  K  and  water  30  to  300  mixi  tes 
AFTER  bilateral  ADREX ALEfTOMY 


Adrenalectomy 


tip 

30  min. 

IM)  min. 

180  min. 

240  min. 

3(M)  min. 

tolic  B.P., 
nil.  Mg 

131  ±  4 

1351 5 

12614 

108 1 6** 

104 1 6** 

04 1 7** 

1)  -tolir  B.P., 
iiii.  Hr 

78±4 

8714 

7814 

6614 

62 1 4** 

57 1 5** 

e.«  I.V.. 

.  1(K)  gill. 

22. 32  ±0.36 

22.3710.52 

22.0610.40 

21.4410.45* 

20.03  1  0.36** 

20.60  1  0.40** 

N.  concentration, 
i.eq.y  L 

145.7±2.0 

144.61 1.1 

144.51 1.7 

142.711.2 

143.311.6 

145.311.1 

K  -mcentration, 
i.cq.  L 

.'5.05±0.24 

5.5210.21 

5.8010.23 

5.8310  18 

5.7510.23 

5.5:110.23 

e.<  Na. 

i.eq.  KM)  gm. 

3.25±0.06 

3.2310.08 

3.3210.00 

3.06  1  0.08* 

3.0310.07** 

2.00  1  0.08** 

e.«  K. 

To.eq./KK)  gin. 

0.n2±0.(K)5 

0.123±0.(K)6 

0.13310.(K)6 

0.124±0.(K)4 

0.120±0.(X»5 

0. 11410. (K)6 

X<  .  of  animals 

11 

11 

11 

11 

11 

11 

±  =S.E.  *=p<0.05  ***p<0.02 

e.c.f.v.  —extracellular  fluid  volume  =inulin  space. 

e.c.  Na  or  K  —extracellular  Na  or  K. 

e(|uilihrium,  remains  unchanged  for  tlie  next  two  days.  These  experiments 
thus  demonstrate  two  important  features:  1)  the  effects  of  adrenalectomy 
are  manifest  in  the  rat  remarkably  early  (this  also  appears  in  a  later  experi¬ 
ment)  and  2)  an  equilibrium  state  is  achieved  at  a  new  low  pressure  range 
without  any  replacement  therapy. 

lHood  pressure  and  extracelhdar  sodium  and  potassmm  during  the  first  five 
hours  after  adrenalectomy 

Six  groups  of  11  rats  each  were  used  for  this  study.  All  groups  were 
handled  according  to  the  basic  procedure  lieginning  with  bilateral  nephrec¬ 
tomy  and  inulin  injection,  followed  two  hours  later  (base  time)  by  blood 
jiressure  recording  and  blood  sampling.  Group  1  served  as  control.  In  the 
remaining  5  groups  bilateral  adrenalectomy  was  interposed  according  to 
a  time  schedule  so  that  the  basal  measurements  were  made  30,  90,  180, 
240,  or  300  minutes  after  this  operation.  The  findings  are  presented  in 
'fable  1. 

There  is  an  obvious  sharp  break  in  the  data  between  90  and  180  minutes 
after  adrenalectomy.  Blood  pre.ssure,  which  is  well  maintained  up  to  this 
time,  suddenly  declines.  At  the  same  time,  the  inulin  space  decrea.ses,  Na 
concentration  tends  to  drop  and,  in  consequence,  the  product  of  these 
measurements,  extracellular  Na,  falls  as  w'ell.  The  three  average  values  for 
e.c.  Na  prior  to  this  break  point  are  remarkably  constant,  ranging  from 
3.32  to  3.23  m.eq.  Na  100  gm.  and  the  three  values  after  this  point  range 
only  between  3.06  and  2.99.  There  is,  then,  the  net  disappearance  of  some 
200  n.eq.  Na/ 100  gm.  from  the  mobile  extracellular  space  at  the  break. 
This  point  will  recur  in  later  experiments. 

The  earliest  discernible  change  is  that  for  K.  Thus,  K  concentration 
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Table  2.  The  distribi  tiox  of  Xa,  K  and  water  24  to  72  hoi  rs  after 


BIL.\TKRAL 

.^BRENALKGTGMY 

(iroup 

Control 

24  hours 

.Adrenalectomy 

48  hours 

72  hours 

Systolic  B.P.,  Him.  Hj? 

74  ±  4** 

60 1 5** 

7715** 

Diastolic  B.P.,  iiiiii.  Ilg 

76  ±4 

53  ±  3** 

48 1 3** 

51 1 3** 

21.4()±(t.46 

10.7310.41** 

10.. 54  ±0.20** 

10.22±0..37*> 

Na  concentration.  in.cq./L 

141,',t±().4 

1.38.8  ±0.8** 

1.30.810.0 

142.011.0 

K  concentration,  ni.cq.  L 

4.18±0.01t 

6. 34  ±0.12** 

6.7410.13** 

6.0210.12** 

e.c.Xa,  in.eq./KM)  pin. 

.3. 04  ±0.(16 

2.7410.06** 

2.72  1  0.04** 

2.73  1  0.06** 

e.c.K.  in.cq.  100  pm. 

0.(H*±0.(K)2 

0.1.3±0.(Kt4** 

0.13  1  0.003** 

0.13±0.(H)3** 

No.  of  animals 

12 

12 

12 

12 

tends  to  move  upwards  almost  at  once,  although  the  change  is  not  signif - 
cant  in  any  one  period.  The  net  movement  of  K  (which  is  highly  significant 
on  comhination  of  data)  is  tenfold  smaller  than  that  of  Xa,  hiCing  of  the 
order  of  only  20  n.eq.  K/lOO  gm.  although,  for  technical  reasons,  much 
more  readily  detected.  Movements  of  Xa  of  this  magnitude  might  occur 
earlier  and  not  he  detected. 

Blood  pressure  and  extracellular  sodium  and  potassium  during  the  first  three 
days  after  adrenalectomy 

Four  groups  of  12  rats  each  were  used  for  this  .study.  All  groups  were 
handled  according  to  the  basic  procedure.  Group  1  served  as  untreated 
control.  In  the  remaining  3  groups  bilateral  adrenalectomy  was  interposed 
.so  that  the  basal  measurements  were  made  24,  48,  or  72  hours  after  this 
operation.  The  findings  are  presented  in  Table  2.  This  experiment  was  re¬ 
peated  unchanged  and  similar  re.sults  obtained. 

A  new  equilibrium  state  prevails  through  the  fir.st  3  days  after  adrenalec¬ 
tomy.  Thus,  blood  pressure,  which  declines  at  24  hours,  goes  no  lower  for 
the  next  two  days.  Similarly,  the  extracellular  fluid  volume  shows  only  a 
slight  decrea.se  beyond  the  24  hour  mark.  Sodium  concentration  is  low  at 
24  and  48  hours  but  not  at  72  hours.  Potassium  concentration  is  sharpl>’ 
elevated  at  24  hours  and  moves  only  .slightly  higher  in  the  next  two  periods. 
The  idea  of  a  new  equilibrium  is  shown  by  the  calculated  values  for  extra¬ 
cellular  Xa  and  K.  A  decline  of  .some  300  n.eq.  Xa  100  gm.  and  an  in¬ 
crease  of  some  40  n.eq.  K  100  gm.  has  occurred  by  24  hours  and  remain- 
remarkably  steady  thereafter.  It  should  be  noted  that  in  the.se  experiment- 
the  kidneys  are  available  for  homeostatic  regulation  until  two  hours  pre¬ 
ceding  the.se  measurements. 

The  role  of  the  kidney  in  readjustments  after  adrenalectomy 

a)  Txcenty-four  hour  adrenalectomy.  Three  groups  of  8  rats  were  u.sed  foi 
this  experiment.  Group  1  was  .subjected  to  the  basic  procedure  of  bilateral 
nephrectomy  and  inulin  injection  followed  two  hours  later  by  basal  meas 
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Table  3.  The  effect  of  nefukectomy  ox  the  distribctiox  of  Xu,  K 
AXI)  WATER  24  HOURS  AFTER  BILATERAL  ADREXALECTOM Y 


(Iroiip 

Control 

(2-hour 

nephrectomy) 

24-hour 

nephrectomy 

24-h()ur 

nephrectomy 

and 

adrenalectomy 

'toHc  U.P.,  mm. 

125  ±7 

120  +6 

80  +6** 

;  istolic  H.P.,  mm.  Hg 

73  ±4 

74  +6 

54  +4** 

f.v.,  of./lOO  gm. 

20.25 -l-0.:{8 

20.67  ±0.58 

20.05+0.51 

concentration,  m.e»i.  / 1. 

140.0±0.7 

140.1  +0.0 

i:i2.3  +  1  .2** 

oncentration,  m.eq.  •  1. 
Xa,  m.eq.  / 100  gm. 

4.51  +0.  K) 

6.20+0.27** 

8.50+0.17** 

2.83  +0.06 

2.8010.06 

2.64  +0.05** 

K,  m.eij. /lOO  gm. 

0.00+0.004 

0.13  +0.005** 

0.17+0.008** 

1..  of  animals 

8 

8 

8 

ull'ments.  This  group  provided  control  data.  CJroup  2  was  subjected  to 
IK  plirectomy  24  hours  earlier  and  received  inulin  at  the  same  time  as  the 
controls.  This  group  provided  data  concerning  the  effects  of  24-hour  ne- 
plirectomy  alone.  Group 3  was  handled  in  the  same  way  as  Group  2  Imt  was 
adrenalectomized  at  the  time  of  nephrectomy.  Measurements  were  carried 
out  at  the  same  time  in  all  three  groups.  Table  3  presents  the  data. 

riiere  was  a  measurable  and  real  increase  in  extracellular  K  in  the  24 
hour  nephrectomized  group.  Over  and  above  this  change,  a  still  further  in¬ 
crease  in  extracellular  K  occurred  in  the  adrenalectomizetl  group  together 
with  a  real  fall  in  extracellular  Na.  Thus,  the  effects  of  adrenalectomy  on 
Na  and  K  as  observed  in  previous  experiments  still  occurred  despite  the 
absence  of  the  kidney. 

b)  Two,  four,  and  six  hour  adrenalectomy.  This  experiment  was  internally 
controlled:  Two  groups  of  10  animals  each  were  used.  Both  groups  were 
nephrectomized  and  received  inulin  intravenou.sly  as  usual.  Two  hours 
later,  basal  measurements  were  performed.  The  animals  of  Group  2  were 
bilaterally  adrenalectomized  immediately  after  the  basal  observations. 
Measurements  were  carried  out  again  in  both  groups  2,  4,  and  0  hours 
later.  All  measurements  are  expressed  as  change  from  the  l)asal  observa¬ 
tions.  Table  4  presents  the  data. 

In  the  control  group,  blood  pressure  remained  substantially  unchanged. 
Extracellular  fluid  volume,  however,  showed  a  steady  and  significant  in¬ 
crease  as  expected  in  nephrectomized  animals,  although  in  part  this  effect 
is  a  technical  one  reflecting  only  a  change  in  inulin  distribution  (5).  Sodium 
concentration  tended  to  fall  with  time  while  K  concentration  rose.  Calcu¬ 
lated  extracellular  Na  and  K  both  showed  an  increase  during  the  0  hour 
p(‘riod  under  study. 

The  effects  of  adrenalectomy  were,  of  course,  superimposed  on  the 
cbanges  due  to  nephrectomy.  They  are  sharply  demonstrated  by  the  dif- 
b  rence  between  control  and  test  data  at  each  interval.  Thus,  apart  from 
the  nephrectomy  effect,  adrenalectomy  produced  a  fall  in  blood  pressure,  a 
lelative  decrease  in  inulin  space,  an  increase  in  K  concentration,  a  trend  to 
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a  fall  in  calculated  extracellular  Na  and  an  increase  in  extracellular  K.  In 
other  words,  the  typical  effects  of  adrenalectomy  occurred  during  the  first 
6  hours  despite  the  absence  of  the  kidney. 

c)  Dynamic  shifts  during  thirty  minute  intervals  beginning  30,  90,  180, 
240,  and  300  mimitcs  after  adrenalectomy.  This  experiment  was  the  exten¬ 
sion  of  that  shown  in  Table  1.  In  that  Table,  the  basal  observations  30,  90, 
ISO,  240  and  300  minutes  after  adrenalectomy  were  compared  with  similar 
measurements  in  the  control  group.  In  each  of  the  six  groups  of  the  pre.sent 
experiment,  however,  a  second  set  of  measurements  was  carried  out  30  min¬ 
utes  after  the  first  so  that  data  were  obtained  concerning  dynamic  changes 
during  the  following  intervals  after  adrenalectomy:  30-60  min.,  90-120 
min.,  180-210  min.,  240-270  min.,  and  300-330  min.  The.se  were  compared 
with  the  shifts  occurring  over  a  30  minute  interval  in  the  control  group. 

Although  30  minutes  is  a  very  short  interval  in  which  to  measure  dy¬ 
namic  trends  in  Na,  K,  and  water,  the  decline  in  inulin  space  and  the  fall 
in  e.c.  Na  demonstrated  elsewhere  still  showed  clearly.  The  shift  was  obvi¬ 
ous  as  early  as  the  interval  30-60  minutes  after  adrenalectomy  and  steep- 
e.st  in  the  next  two  intervals;  90-120  and  180-210  minutes.  The  fact  that 
the  rate  of  change  was  greatest  at  this  time  supports  our  previous  observa¬ 
tion  concerning  the  break  between  the  two  halves  of  Table  1. 

DISCUSSION 

It  has  long  been  maintained  by  Swingle  and  his  co-workers  (6)  and  sup¬ 
ported  by  others  (7)  that  the  ba.sic  changes  occurring  after  adrenalectomy 
are  primarily  extrarenal.  The  experiments  described  above  permit  no  other 
interpretation.  This  does  not  deny  a  specific  role  to  the  kidney  but  rather 
circumscribes  its  importance. 

The  redistribution  of  sodium,  potassium,  and  water  which  has  been  ex¬ 
tensively  studied  by  many  workers  begins  remarkably  soon  after  adrenal¬ 
ectomy.  Clear  evidence  is  readily  obtained  as  early  as  90  minutes  after 
adrenalectomy  which  means  in  fact  that  it  must  begin  even  earlier. 

Our  data  permit  us  to  say,  in  agreement  with  other  authors  (8,  9,  10,  11) 
that  sodium,  together  with  water,  moves  out  of  the  extracellular  space.  Ac¬ 
cording  to  others  it  has  also  moved  out  of  cells  and  if  this  is  so,  it  is  truly 
“lost  .sodium”  (7). 

Potassium  shifts  are  inver.se  to  those  of  sodium  but  con.si.stently  le.ss  in 
bulk.  This  re-emphasizes  the  point  noted  in  our  more  acute  experiments 
that  technical  difficulties  in  the  estimation  of  sodium  make  it  necessary  to 
be  particularly  cautious  in  the  interpretation  of  negative  data.  In  general, 
the  lower  limit  for  detecting  a  sodium  shift  is  some  .seven  to  ten  times 
greater  than  the  lower  limit  for  potassium. 

The.se  studies  were  undertaken  in  connection  with  our  views  concerning 
cation  movements  and  blood  pressure  regulation.  They  provide  additional 
support  for  these  views  since  here  the  time  course  of  the  fall  in  blood  pres- 
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sure  is  clearly  the  same  as  the  time  course  of  sodium  changes.  Blood  pres¬ 
sure  remains  steady  for  the  same  time,  falls  steeply  during  the  period 
steep  shift  in  sodium  distribution  and  shows  the  same  secondary  equilil, 
Hum  phase.  This  association,  of  course,  does  not  prove  causality. 

At  first  sight,  there  would  .seem  to  he  a  paradox  between  the.se  finding 
and  those  occurring  during  an  acute  shift  in  blood  pressure.  In  the  lattei 
case  a  movement  of  sodium  out  of  the  extracellular  phase  accompanies  an 
elevation  in  blood  pre.ssure  whereas  here  a  similar  shift  accompanies  a  fall 
in  blood  pressure.  There  is,  however,  a  basic  difference.  In  the  acute  experi¬ 
ments  there  is  reason  to  believe  that  .sodium  is  leaving  the  extracellular 
space  to  go  into  cells,  proliably  some  specific  cells.  In  adrenalectomy,  as  dis¬ 
cussed  earlier,  there  is  ample  reason  to  believe  that  sodium  has  moved  onl 
of  the  intracellular  as  well  as  the  extracellular  pha.se.  Obviously,  blood  pres¬ 
sure  regulation  is  associated  with  as  yet  undefined  intra  extracellular  cat¬ 
ion  equilil)ria. 

The  blood  pressure  curve  (Fig.  1)  and  the  data  concerning  electrolytes 
indicate  that  the  picture  after  adrenalectomy  is  complicated  by  the  rapid 
establishment  of  a  new  eriuilibrium.  Strong  evidence  has  been  put  forward 
to  suggest  that  this  secondary  e(iuilil)rium  is  in  large  part  referable  to  a 
iieurohyDophy.seal  compensatory  effort  (12,  13).  Indeed,  Corey  and  Brit¬ 
ton  (14)  long  ago  stated  “It  must  nevertheless  be  admitted  as  a  po.s.sil)ility 
that  in  the  ca.se  of  removal  or  deficiency  of  either  cortico-adrenal  or  post- 
pituitary  ti.s.sues,  the  resultant  fluid  and  salt  disturl)ance.s  may  be  explica¬ 
ble  on  the  basis  of  the  (one  or  other)  unleashed  or  hyperactive  and  antago- 
ni.stically  acting  gland  that  may  remain.”  Others  have  .supported  this  con¬ 
tention  do).  Our  own  preliminary  experiments  are  also  in  general  agree¬ 
ment  since  we  have  found  that  in  rats  with  dial)ete.s  in.sipidus  induced  l)y  a 
lesion  in  the  supraoptic  nucleus  the  fall  in  plasma  sodium  after  adrenalec¬ 
tomy  does  not  occur,  while  the  blood  pressure  falls  to  extremely  low  levels 
and  early  death  occurs.  It  is  attractive  to  refer  the  secondary  e(iuilil)rium 
pha.se  to  neurohypophyseal  hyperfunction  .since  we  have  already  ol)served 
that  Pitre.s.sin  is  indeed  capal)le  of  moving  both  sodium  and  water  out  of 
the  extracellular  space. 
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RESPONSE  OF  THE  GLOMERULOSA  LAYER  OF  THE 
ADRENAL  GLAND  OF  WILD  AND  DOMESTICATED 
NORWAY  RATS  TO  LOW  AND  HIGH  SALT  DIETS^ 

H.  DAVID  MOSIER2  and  CURT  P.  RICHTER 

Laboratories  of  Pediatrics  and  Psychobiology,  Johns  Hopkins  Medical  School, 
Baltimore,  Maryland 

ABSTRACT 

Wild  and  domesticated  Norway  rats  were  fed  diets  containing  sodium  chlo¬ 
ride  in  eleven  concentrations  between  0.5  and  70%.  On  concentrations  up  to  and 
including  25%  the  rats  of  both  strains  remained  in  good  health  over  the  ex- 
|)erimental  period  of  70-90  days.  The  water  intake  in  this  <j;rouj)  of  rats  in¬ 
creased  in  direct  proportion  to  the  amount  of  salt  obtained  from  the  diets.  On 
salt  concentrations  of  35%  and  above,  all  of  the  rats  died  because  of  inability  to 
ingest  adequate  amounts  of  water  and  food. 

On  the  low  salt  diet,  the  glomerulosa  of  the  adrenals  became  hyperi)lastic  in 
the  domesticated  rats,  but  did  not  change  in  the  wild  rat.  On  a  high  salt  diet 
the  glomerulosa  of  both  strains  showed  atrophic  changes.  In  the  wild  rat  it 
underwent  onl}-  a  partial  loss  of  sudanophilic  lipod  or  none  at  all,  despite  a 
complete  lipid  loss  in  the  domesticated  rat.  The  zona  fasciculata  and  reticularis 
in  both  strains  increased  its  lipid  and  Schiff-reacting  aldehyde. 

IN  PREVIOUS  experiments,  adult  wild  and  dome.sticated  Norway  rats 
were  kept  on  diets  with  either  a  low  salt  content,  or  a  high  salt  content 
with  concentrations  of  sodium  chloride  of  2,  4,  6,  8,  10,  15,  20,  25,  35,  50 
and  70%  (1),  On  the  low  salt  diet  and  on  diets  containing  up  to  25%  salt, 
all  of  the  wild  and  domesticated  rats  either  maintained  their  body  weight 
or  gained  weight,  and  survived  the  full  72-92  day  observation  period.  On 
the  higher  concentrations  the  rats  died  in  6  to  42  days.  However,  some 
rats  even  on  the  70%  concentration  lived  as  long  as  17  days. 

On  diets  up  to  25%  the  dome.sticated  rats  increased  their  water  intake 
roughly  in  proportion  to  the  salt  content  and  drank  50-60  ml.  per  gm.  of 
ingested  salt.  On  the  higher  concentrations  they  apparently  were  unable  to 
drink  enough  water  to  maintain  this  dilution.  On  almost  all  concentrations 
the  wild  rats  had  a  higher  ratio;  their  intake  levels  were  also  far  less  con¬ 
stant. 
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The  present  paper  reports  observations  made  on  the  histology  and  his- 
toi  hemistry  of  the  adrenals  of  the  rats  used  in  the  above  experiments  in 
Ollier  to  determine  the  effects  of  varied  salt  intake  on  the  adrenal  cortex  in 
til.  two  strains.  These  observations  concern  chiefly  the  zona  glomerulosa 
siii  '  e  other  investigators  have  shown  that  a  low  sodium  intake  causes  a 
gr; dual  increase  in  width  and  lipid  content  of  this  zone  in  the  domesticated 
ra  .  while  a  high  salt  intake  causes  a  decrease  in  width  and  loss  of  lipid  con- 
tei  t  of  this  zone  (2).  Furthermore,  a  recent  study  has  shown  that  under  nor- 
ni: !  conditions  the  zona  glomerulosa  of  the  two  strains  exhibits  marked 
hi^;ological  and  histochemical  differences.  In  the  wild  rat  this  zone  is  wider 
and  richer  in  lipid  as  well  as  in  aldehyde  and  carbonyl  groups  than  in  the 
domesticated  rat  (3). 


MKTHODS 

riie  36  u<hilt  domesticated  Norway  rats  (27  males,  9  females)  used  for  these  experi¬ 
ments  were  taken  from  our  own  colony,  which  was  started  30  years  aa:o  with  albino  rats 
from  the  Wistar  Institute.  A  few  piebald  and  hooded  rats  from  the  colony  of  Dr  E.  V. 
,M(  (’ollum  were  added  2S  years  a^o.  Their  weights  ranged  from  lo.o  to  366  gm.  The  36 
adult  wild  Norway  rats  (18  males.  18  females)  were  all  recently  trapped  within  an  area 
of  six  residential  blocks  in  Baltimore.  Their  weights  ranged  from  178  to  .563  gm.  Only 
healthy  appearing  rats  were  used  in  these  experiments.  The  methods  used  in  caging, 
handling  and  care  have  been  described  jueviously  (1). 

Pile  domesticated  rats  received  our  stock  diet  continously  from  the  time  of  weaning 
to  1.5  to  30  days  before  the  start  of  the  experimental  diets,  at  which  time  a  low-salt  diet 
was  substituted  The  stock  diet  c()ntained  72.5%  graham  flour.  10.0%  skim  milk  jiow- 
der,  10.0%  casein,  5.0%  butter,  1.5%  calcium  carbonate,  and  1.0%  sodium  chloride; 
the  low-salt  diet  contained  the  same  ingredients  in  the  same  proi)ortions  with  the  excep¬ 
tions  that  unsalted  butter  was  used  in  place  of  the  regular  salted  butter,  and  the  sodium 
chloride  was  omitted,  with  a  corresi)onding  increase  in  the  graham  flour  content.  In 
most  instances  the  wild  rats  were  started  on  the  low-salt  diet  within  1  or  2  days  after 
ca|)ture,  though  they  were  not  offered  the  several  experimental  diets  until  their  water 
intakes  had  reached  fairly  constant  levels,  which  usually  required  .30  to  .50  days. 

Twelve  groups  of  rats  (3  per  group)  of  each  strain  received  the  low-salt  diet  i)lus 
0,  2,  4,  6,  8,  10,  15,  20,  25,  35,  50  and  70%,  respectively,  of  added  salt  (as  percentage  of 
diet).  Unless  they  died  earlier,  or  were  killed  in  a  moribund  condition,  all  of  the  animals 
were  kept  under  observation  for  72  to  92  days.  At  the  termination  of  this  experimental 
period  the  rats  were  sacrificed  by  crushing  the  cervical  cord  and  killed  immediately. 
Tlie  adrenals  were  removed  without  delay,  trimmed  of  excess  peri-adrenal  fat  and 
weighed  on  a  torsion  balance.  They  were  then  fixed  in  10%  neutral  formalin. 

After  at  least  18  hours  of  fixation  one  adrenal  was  dehydrated  and  embedilefl  in 
p.iraffin  prior  to  being  stained  with  hematoxylin  and  eosin.  The  other  adrenal  was  sec¬ 
tioned  at  15  fi.  on  a  freezing  microtome.  The  sections  were  stained  with  Sudan  IV  for 
lioid  and  the  Schiff  leucofuehsin  reagent  for  aldehydes.  All  sections  were  taken  in  the 
mid-transverse  plane. 

One  hundred  and  twenty-six  wild  Norway  rats,  either  killed  on  a  farm  or  after  cap¬ 
tivity  for  varying  lengths  of  time,  and  over  100  domesticated  rats,  used  as  normals  for 
previous  comparative  study  (3),  served  as  controls  for  the  evaluation  of  changes  pro- 
•hiced  by  the  experimental  diets. 
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RESULTS 

Survival  Times.  On  diets  from  0-25%  salt  all  except  two  of  the  wild  rats 
survived  the  72-92  day  period  in  a  state  of  good  health.  On  these  concen¬ 
trations  all  of  the  domesticated  rats  survived  the  89-92  day  period  in  gooil 
health  with  the  exception  of  one  rat  on  the  4%  diet  that  was  killed  hecaiue 
of  hematuria  at  24  days.  On  the  salt  concentrations  above  25%,  all  of  the 
domesticated  and  wild  rats  either  died  or  were  in  a  moribund  .state  when 
killed  before  the  end  of  the  experimental  period.  This  was  due  in  part  to 
the  inability  of  the  rats  to  drink  .sufficient  water  for  their  kidneys  to  e>.- 
crete  the  large  amounts  of  exce.ss  .salt,  and  in  part  to  their  inability  to  in¬ 
gest  sufficient  amounts  of  the  high  salt  diets  to  maintain  adequate  nourisl  - 
ment.  In  spite  of  this,  one  domesticated  rat  lived  for  17  days  on  the  70^  r. 
concentration. 

Body  }yeight.  On  all  diets  with  salt  concentrations  up  to  and  includin' 
25%  the  domesticated  rats  and  the  majority  of  the  wild  rats  either  main- 
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Fig.  2 

tallied  their  weight. s  or  gained  at  the  same  rate  as  the  controls  (Fig.  1).  A 
few  wild  rats  on  intermediate  concentrations  of  salt  (4  to  15%)  showed  a 
slight  weight  loss  during  the  last  10  days  of  the  experiment.  On  salt  con¬ 
centrations  aliove  25%,  all  of  the  rats  lost  weight  rapidly. 

Adrenal  Weights.  The  adrenals  of  the  wild  rats  generally  decreased  in 
weight  as  the  salt  concentration  increased  and  in  contrast  with  tho^e  of 
the  domesticated  strain  they  showed  a  wide  range  of  variation.  The 
wi'ights  of  the  dome.sticated  rat  adrenals  remained  fairly  con.stant  on  all 
concentrations  of  salt.  Figure  2  shows  the  average  daily  salt  intake  curves 
for  each  concentration  for  the  domesticated  and  for  the  wild  rats;  Figure  5 
shows  the  corresponding  curves  for  the  adrenal  weights  in  mg./ 100  gm.  of 
l)"dy  weight. 
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Adrenal  Morphology  and  Histochemistry 


On  the  lou'  salt  diet,  the  wild  rats  showed  no  change  either  in  the  width 
or  in  the  lipid  content  of  any  of  the  layers.  In  the  domesticated  rats  tlie 
glomerulosa  layer  increased  in  width  and  lipid  content.  The  other  layers 
remained  unaffected. 

On  high  salt  diets  ranging  from  4  to  25%  of  salt,  there  were  no  demon¬ 
strable  changes  in  the  capsule  of  either  strain.  The  zona  glomerulosa  of  the 
wild  rats  decreased  in  width  and  in  size  of  individual  cells  (Fig.  4a  and  b). 


Fig.  4.— a.  Adrenal  gland  from  a  normal  wild  Norway  male  rat,  weight  362  gm.,  shot 
on  a  farm.  Note  the  large  vacuolated  cells  of  the  glomerulosa  as  contrasted  with  the 
normal  domestic  rat  in  Fig.  4c.  H&E  X516. 

b.  Adrenal  from  a  wild  Norway  male  rat  on  20%  salt  diet  for  90  days.  The  glomeiu- 
losa  has  decreased  in  width  with  a  reduction  in  cell  volume  and  in  the  number  and  s  ze 
of  the  vaculoles.  H&E  X516. 

c.  Adrenal  from  a  normal  domesticated  male  rat,  weight  30S  gm.  The  capsule  is 
wider  and  more  cellular  than  that  of  the  wild  rat  illustrated  in  Fig.  4a.  There  are  smal  er 
vacuoles  in  the  glomerulosa  of  the  domesticated  rat.  H&E  X516. 

d.  Adrenal  from  a  domesticated  male  rat  on  20%  salt  diet  for  89  days.  The  e.xccj)- 
tional  width  of  the  capstde  is  not  a  constant  finding.  The  cells  of  the  glomerulosa  ha  .e 
decreased  in  size.  H&E  X516. 
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The  nuclei  became  smaller  and  often  showed  a  moderate  degree  of  pykno 
sis  (Fig.  4b).  The  .sudanophilic  lipid  and  Schiff-positive  material  decreasec' 
on  diets  from  4  to  25%  salt  but  never  completely  disappeared  fron 
the  zone.  Some  rats  retained  a  fair  amount  of  lipid  on  diets  up  to  25^ 
salt  (Fig.  oc,  d,  and  e).  It  was  found  that  2  rats  on  35%  salt  who  had  nol 
survived  2  months  of  the  salt  diet  had  no  change  in  width  from  that  seen 
in  the  low  salt  control  rats,  and  had  actually  retained  a  dense  concentra¬ 
tion  of  lipid.  Routine  adrenal  sections  were  not  made  on  rats  dying  on  tlu 
higher  salt  diets. 

The  domesticated  rats  on  diets  containing  more  than  4%  salt  showed  a 
sharp  decrease  in  width  and  in  the  size  of  the  glomerulosa  cells  as  in  the 

Fig.  o. — a.  Adrenal  slaixl  fiom  a  normal  wild  Xorway  rat  shot  on  farm,  stained  with 
Sudan  IV.  This  illustrates  the  heavy  concentration  of  lipid  usually  found  in  the  slomeru- 
losa  and  fasciculata  in  the  wild  rat.  Here  there  are  also  lui  'e  drojilets  in  the  reticularis, 
hut  this  is  an  inconstant  findim^  (Fifi;.  (ia).  Xo5. 

1).  Schiff-treated  section  of  a  normal  wild  Xorway  rat  showing  the  characteristically 
cpiite  dense  aldehyde  reaction  in  the  glomerulosa  and  outer  fasciculata.  The  greatest 
variability  is  found  in  the  intensity  of  the  reaction  in  the  inner  fasciculata  and  reticu¬ 
laris.  Here  the  reaction  is  slight.  X55. 

c.  .\drenal  from  a  wild  Xorway  which  has  been  on  15%  salt  diet  for  90  days,  stained 
with  Sudan  IV.  The  glomerulosa  is  decreased  in  width  but  contains  sudanophilic  lipid; 
there  is  some  increase  in  lipid  in  the  reticularis.  X55 

d.  Same  section  as  Fig.  oc  with  higher  magnification  of  outer  zone  illustrating  pres¬ 
ence  of  lipid  in  the  glomerulosa  as  contrasted  with  Fig.  fid.  X250. 

e.  SchifT-treated  section  from  wild  Xorway  rat  on  20%  salt  diet  for  90  days  showing 
a  dense  staining  reaction  in  the  entire  cortex.  Xoo. 


v  lid  ratis  (Fig.  4c  and  d).  In  sharp  contrast,  liowever,  there  was  a  complete 
Imss  of  glomerulosa  lipid  and  Schiff-positive  material  (Fig.  tic,  d,  and  e). 

In  both  strains  of  rats  on  diets  over  the  content  of  lipid  and  aldehyde 
(.  the  zona  fascicnlata  was  increased.  This  increase  was  more  marked  in 
t  le  domesticated  rats.  The  zona  fascicnlata  of  the  wild  rats  normally 
(!  nsely  filled  with  lipid  after  extended  periods  of  captivity  had  only  a 
Slight  increase  in  lipid  content  (Figs,  oc,  oe,  tic,  (ie). 

The  zona  reticularis  in  both  strains  had  an  increased  content  of  sudano- 
o;)hilic  lipid  and  Schiff-positive  material  on  the  higher  salt  diets,  but  the 
iccrease  as  with  the  zona  fascicnlata  appeared  more  marked  in  the  domes¬ 
ticated  rats.  In  the  domesticated  rats  the  increase  in  sudanophilic  lipid 


Fig.  0 — a.  Adrenal  filand  from  normal  domesticated  rat  stained  witli  Sudan  IV.  The 
lij'id  is  relatively  sjiarse  throughout  the  cortex  (cf.  Fi^.  .5a).  The  filomerulosa  and  transi- 
tiiiii  zone  can  he  identified  here.  X.5.5 

1).  Schiff-treated  adrenal  section  of  a  normal  domesticated  rat  showim^  an  even 
s]):irser  distrihution  of  tlie  Schiff-positive  material  (cf.  Fi;;.  .51)).  X.5.5. 

c.  Domesticated  rat  which  has  been  on  1.5%  salt  diet  for  <S9  days.  The  glomerulosa 
is  decreased  in  width  and  totally  devoid  of  lipid.  There  is  an  increase  in  li|)id  in  the 
fascicnlata  and  reticularis  X.5.5. 

il.  Same  section  as  Fiji,  (ic  with  hi>fher  magnification  of  the  outer  zone  sliowinj;  com- 
])lcte  absence  of  lijiid  in  the  filomerulosa.  One  cannot  distin}>;uish  a  transition  zone; 
however,  it  is  assumed  tliat  the  lipid  bef'ins  with  the  be5!;inninj;  of  the  fascicnlata.  X2.50. 

e.  Schiff-treated  section  from  a  domesticated  rat  of  20%  salt  diet  for  .SO  days  showine; 
an  increase  in  Schiff-positive  material  in  the  fascicnlata,  but  comi)lete  absence  of  it  in 
the  glomerulosa.  X5.5. 
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was  greater  than  the  increase  in  Schiff-positive  material.  No  changes  wer< 
seen  in  the  medulla  of  either  strain. 

DISCUSSION' 

These  results  showed  an  apparent  lack  of  response  of  the  wild  rat  zona 
glomerulosa  to  a  low  salt  diet.  On  high  salt  diets  there  was  a  decrease  in 
the  zone  width  hut  only  a  partial  depletion  of  the  sudanophilic  lipid  and 
Schiff-staining  aldehydes.  This  contrasted  sharply  with  the  complete  de¬ 
pletion  of  lipid  and  aldehyde  in  the  zona  glomerulosa  of  domesticated  rat.' 
on  diets  containing  over  4%  salt. 

There  is  ample  evidence  that  the  zona  glomerulosa  of  the  domesticated 
rat  is  selectively  altered  by  changes  in  the  amounts  of  ingested  sodium  o!' 
potas.sium  (2).  This  zone  in  the  wild  rat  probably  fails  to  respond  to  low-salt 
diet  because  it  is  already  hyperplastic  in  response  to  a  low-salt  diet  in  the 
natural  environment  (1).  The  hyperplasia  in  the  wild  rat  is  characterize  1 
by  relatively  large  glomerulosa  cells,  a  heavy  lipid  accumulation,  and 
dense  aldehyde  and  carbonyl  staining  reactions  (3).  On  the  other  hand,  the 
domesticated  rats  used  for  this  study  have  been  reared  on  a  diet  containing 
about  1%  sodium  chloride.  On  this  diet,  which  contains  much  more  salt 
than  the  wild  rat’s  natural  diet,  the  glomerulosa  zone  contains  less  lipid 
and  aldehyde  and  carbonyl  groups  than  in  the  wild  rat  shot  in  its  native 
environment  (3).  When  the  added  salt  is  taken  away,  as  in  this  study,  the 
domesticated  rat  zona  glomerulosa  undergoes  a  marked  hypertrophy  and 
increase  in  concentration  of  lipid  aldehyde,  and  in  this  way  approximates 
the  pattern  seen  in  the  wild  rat. 

The  high  salt  diet  produced  a  marked  atrophy  and  complete  loss  of 
lipid  and  aldehydes  in  the  zona  glomerulosa  of  the  domesticated  rat  as  has 
been  domonstrated  by  others  (5,  6,  7).  However,  the  zona  glomerulosa  of 
the  wild  rats  underwent  only  a  partial  loss  of  lipid  in  spite  of  the  equivalent 
salt  intake  in  terms  of  body  weight.  It  is  unlikely  that  differences  in  water 
intake  could  account  for  this  as  the  physiological  data  for  this  experiment, 
reported  previously  (1),  showed  only  a  slightly  higher  intake  of  water  per 
gram  of  salt  in  the  wild  rats  on  the  higher  salt  diets.  Further,  there  were 
variations  in  the  water  intake  of  the  domesticated  rats  on  the  high  salt 
diets  yet  the  histological  results  were  uniform  in  that  strain.  The  lack  of  re¬ 
sponse  in  the  wild  rat  is  more  likely  due  to  a  genetic  difference. 

The  increase  in  lipids  in  the  zona  fasciculata  produced  in  both  strains  by 
the  high  salt  diet  may  be  a  non-specific  response  to  the  metabolic  stress  or 
the  calling  into  use  of  special  regulatory  factors.  Thus  the  ability  of  cortical 
hormones  to  cause  increased  renal  glomerular  filtration  rate  may  be  util¬ 
ized  to  help  excrete  the  salt  load.  Some  investigators  have  proposed  on  the 
basis  of  observations  in  human  beings  with  the  salt-losing  type  of  congenital 
adrenal  hyperplasia  that  the  adrenal  cortex  may  elaborate  a  hormone  oi 
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g,  oups  of  hormone.s  that  cause  increased  sodium  excretion  either  by  di- 
i!  ctly  producing  active  sodium  excretion  or  by  inhibiting  salt-retaining 
li  trmones  (8,  9). 
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MOBILIZATION  OF  THE  ANTIDIURETIC  HORMONE  AND 
THE  SEdlETION  OF  A('TH  FOLLOWING  C’OLD  STRESS' 


SHAWN  SCHAPIRO.MESSIE  MARMORSTON  and  HARRY  SOBEL 

Institute  for  Medical  Research,  Cedars  of  Lebanon  Hospital,  Los  Angeles,  California 

AHsruAcr 

The  effect  of  hydration  and  dehydration  on  tlie  pituitary-aclrenal  response 
to  cold  stress  has  been  investigated.  A  normal  stress  response  occurred  in  hy¬ 
drated  and  dehydrated  guinea  pigs  as  determined  by  increases  in  urinary 
corticoid  excretion.  The  antidiuretic  activity  in  the  hvpothalamus  and  posterior 
pituitary  was  markedly  diminished  following  dehydration.  Ajjparently,  condi¬ 
tions  which  induce  alterations  in  mobilization  of  the  antidiuretic  hormone  do 
not  necessarily  induce  parallel  alterations  in  the  secretion  of  ACTH  in  response 
to  stress. 

CERTAIN  evidence  sugge.sts  that  the  antidiuretic  hormone  (ADH) 
(1-2)  or  a  contaminant  of  it  (3-4)  i.s  the  hypothetical  hypothalamic 
pituitary-stimulating  hormone  associated  with  the  release  of  the  adreno¬ 
corticotropic  hormone  (ACTH)  by  the  anterior  pituitary. 

Ever  since  Verney’s  classical  experiments  (5)  established  the  existence 
of  the  antidiuretic  hormone,  it  has  been  known  that  hemodilution  acts  to 
inhibit  the  secretion  of  this  .substance.  Furthermore,  the  amount  of  ADH 
in  the  posterior  pituitary  and  the  hypothalamus  is  greatly  diminished  fol¬ 
lowing  dehydration  produced  by  .substituting  hypertotiic  .saline  for  drinking 
water  (6-7). 

Since  the  antidiuretic  hormone  may  be  involved  in  ACTH  release,  it  is 
of  intere.st  to  determine  the  effect  of  conditions  which  induce  profound 
alteration  in  the  mobilization  of  ADH  from  the  posterior  pituitary  and 
hypothalamus  upon  the  relea.se  of  ACTH  following  stre.ss.  The  guinea  pig 
has  been  found  to  be  a  u.seful  animal  for  investigating  the  stress  respon.se, 
for  following  ACTH  administration  the  urinary  corticoids  increase  dra¬ 
matically  (8).  In  this  study,  the  urinary  corticoids  of  normal,  hydrated  and 
dehydrated  guinea  pigs  under  basal  conditions  and  following  exposure  to 
cold  stre.ss  has  been  determined.  In  addition,  the  antidiuretic  activity  of 
the  hypothalamus  and  posterior  pituitary  of  the  dehydrated  animals  was 
assayed. 

Ueceived  July  19,  1957. 
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*  Present  addre.ss:  Karolinska  Institutet,  Fysiologiska  Institutionen,  Stockholm, 
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METHODS 

Three  groups  of  guinea  pigs  were  used : 

Grouj)  1. — Consisted  of  30  animals  which  were  allowed  tap  water  and  food  ad 
libitum.  This  was  the  control  group. 

Grouj)  2. — Contained  19  animals  which  were  maintained  on  3.0%  saline  as  sole 
drinking  fluid  for  two  weeks  and  allowed  food  ad  libitum.  These  animals 
are  subsequently  designated  as  dehydrated  grouj). 

Grouj)  3. — Eleven  animals  were  in  this  grouj).  Every  90  minutes  during  the  urine 
collection  j)eriod  starting  10  minutes  before  collection,  these  j)igs  were 
gavaged  with  5%  body  weight  of  water.  This  grouj)  is  hereafter  referred 
to  as  the  hydrated  group. 

I'rine  collection  and  stress  procedure:  For  control  values,  each  animal  was  j)laced  in  a 
luetabolism  cage  at  room  temj)erature  and  urine  collected  for  six  hours.  Gentle  jrressure 
upon  the  bladder  before  and  after  the  collection  j)eriod  served  to  exj)el  the  bladder 
mine.  The  urines  were  measured  and  frozen  individually  Several  days  after  this  basal  f 

determination  the  animals  were  subjected  to  cold  (0°  C  for  6  hours).  Urine  w:\s  collected 
daring  the  cold  exj)osure  as  described  above.  The  urine  was  frozen  and  anah’zed  in¬ 
dividually  within  two  weeks  for  corticoids  by  the  Silber-Porter  j)rocedure  (9). 

.[ntidiuretic  .\ctivity:  .\t  the  termination  of  the  exj)eriment,  10  normal  and  10  de¬ 
hydrated  guinea  j)igs  were  sacrificed  with  nembutal  anesthesia  so  as  to  minimize  stress 
induced  activation  of  the  hyj)othalamus.  The  hyj)othalami  and  j)o;terior  j)ituitary 
glands  from  these  animals  were  dissected  out,  j)ooled  and  weighe<l.  The  mammillary 
bodies,  oj)tic  chiasma  and  third  ventricle  were  used  to  delimit  the  hypothalamic  bound¬ 
ary.  The  antidiuretic  activity  was  then  extracted  by  the  method  of  Cavallero  et  al.  (6). 

In  extracting  the  .VDH  activity  from  the  j)osterior  j)ituitary  glands  10  cc.  of  solution 
was  used.  One  cc.  of  the  extract  was  then  diluted  to  100  cc.  in  .saline  and  one  cc.  of 
this  final  solution  was  injected  intra-j)eritoneally  into  hydrated  rats.  For  the  hyj)o- 
thalami,  10  cc.  of  solution  was  also  used  to  extract  the  .VDH  activity,  1  cc.  of  the  re¬ 
sulting  extract  was  diluted  to  5  cc.  in  saline  and  one  cc.  of  this  final  solution  was  also 
injected  intra-j)eritoneall\’  into  hydrated  rats. 

RESULTS 

Cortieoid  Excretion:  The  l)a.sal  6-hour  excretion  of  Silber-Porter  corti- 
coid.s  at  room  temperature  by  normal  guinea  pig.s  was  44  ±4*  pg.  Following 
exposure  to  cold  stre.ss  for  6  hours,  the  excretion  increa.sed  to  186  +  13  pg. 

The  basal  6-hour  excretion  of  hydrated  guinea  pigs  was  46  ±5  pg.  and  when 
these  animals  were  placed  in  the  cold  room  for  6  hours  their  cortieoid  ex¬ 
cretion  increased  to  139  +  11  pg.  The  dehydrated  guinea  pigs  had  a  basal 
cortieoid  output  of  108  +  12  pg.  and  following  cold  .stress  this  increased  to 
229  +25  pg.  The.se  results  are  shown  graphically  in  Figure  1. 

A  ntidiuretic  Activity:  The  antidiuretic  activity  in  the  pooled  posterior 
pituitaries  and  hypothalami  of  10  normal  and  10  dehydrated  guinea  pigs 
was  compared  with  the  antidiuresis  following  20  mu.  of  ADIl  as  described 
by  Cdnsburg  (10).  The  pooled  wet  weights  of  the  10  posterior  pituitary 
glands  from  the  normal  guinea  pigs  was  43.1  mg.,  while  tho.se  from  the 
dehydrated  animals  weighed  42.3  mg.  The  antidiuretic  activity  in  the 
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Fig.  1.  Micrograms  (with  Standard  Error)  of  Silber-Porter  corticoids  excreted  in 
six  hours  by  normal,  h\'drated  and  dehydrated  guinea  pigs  under  basal  conditions  and 
during  cold  stress. 


pooled  extract  from  the  10  normal  po.sterior  pituitaries  wa.s  equivalent  to 
1939  mu.  gland.  The  pooled  activity  extracted  from  the  dehydrated 
group  wa.s  equivalent  to  846  mu.  gland.  The  antidiuretic  activity  of  the 
pooled  hypothalami  from  both  groups  is  expressed  as  mu.  total  hypothal¬ 
amus.  As  the  whole  hypothalamus  was  used  in  the  determinations,  the 
more  concentrated  areas  of  anti<liuretic  activity  were  greatly  diluted  out 
by  the  areas  containing  little  if  any  activity.  The  ADH  activity  of  normal 
animals  was  equivalent  to  100  mu.  hypothalamus,  while  the  dehydrated 
pigs  contained  approximately  2  mu.  hypothalamus.  These  results  arc 
shown  graphically  in  Figure  2.  However,  in  spite  of  this  depletion  from  the 
posterior  pituitary  and  hypothalamus,  the  pituitary-adrenal  response  to 
stress  was  undiminished,  although  the  basal  level  from  which  it  was  opera¬ 
tive  did  increase.  This  basal  level  elevation  may  have  been  due  to  the 
systemic  stress  of  dehydration,  which  resulted  in  a  marked  decrea.se  of 
body  weight.  The  body  weights  of  the  10  normal  pigs  was  475  ±12  (Stand¬ 
ard  Error)  while  that  of  the  dehydrated  pigs  was  442  ±19  gm.  The  initial 
weight  in  each  group  was  457  ±10  gm. 

DISCUSSION 

The  above  data  indicate  that  conditions  which  markedly  alter  mobiliza¬ 
tion  of  the  antidiuretic  hormone  do  not  re.sult  in  parallel  changes  in  the 
pituitary-adrenal  response  to  stress.  It  was  originally  shown  by  Verney 
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Fig.  2.  Milliunits  antidiuietic  activity  extracted  from  posterior  pituitary  p;land  and 
hypothalamus  of  normal  and  dehydrated  Kuinea  pigs. 

("))  that  following  ACTH-releasing  t^timuli  antidiuretic  activity  is  present 
in  the  blood.  The  source  of  this  activity  is  most  probably  the  hypothala 
mils  (1).  However,  the  demon.stration  that  two  physiological  events  take 
place  in  a  synchronized  manner  does  not  necessarily  imply  causality  be¬ 
tween  the.se  events.  For  example,  it  is  well  known  that  stress  stimuli  evoke 
ACTH  secretion  as  well  as  sympathetic  discharge,  but  evidence  has  been 
presented  by  Guillemin  (11)  that  these  two  events  are  not  mutually  de¬ 
pendent.  The  observations  of  Saffian  et  al.  (3)  and  Guillemin  and  Hearn 
(4)  indicate  that  a  contaminant  of  ADH  may  be  responsible  for  the  pitui¬ 
tary  stimulating  activity  previously  ascribed  to  the  vasopressin  molecule 
1-2).  The  recent  demonstration  by  McDonald  ct  al.  (12)  that  .synthetic 
\  asopre.s.sin  of  DuVigneaud  will  .serve  to  increase  blood  corticoids  in  man 
is  of  great  interest.  Whether  this  increa.se  is  due  to  a  stress  respon.se  or  due 
to  a  direct  effect  on  the  pituitary  remains  to  be  clarified. 

The  experiments  reported  here  suggest  that  physiological  conditions 
which  affect  mobilization  of  the  antidiuretic  hormone  do  not  necessarily 
induce  parallel  alterations  in  the  elaboration  of  the  pituitary  stimulating 
substance  of  hypothalamic  origin.  Conversely,  increased  mobilization  of 
VCTH  in  respon.se  to  stre.ss  can  occur  in  spite  of  physiological  conditions 
which  would  tend  to  suppre.ss  the  secretion  into  the  .sy.stemic  circulation 
of  the  antidiuretic  hormone. 
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rilE  BIXDIXCJ  OF  URIXARY  C'OXJUCJATED  STEROIDS 
TO  SERUM  ALBUMIX:  A  XEW  METHOD 
OF  EXTRA(TK)X‘ 


W.  ROY  SLAUXWHITE,  Jr.  and  AVERY  A.  SAXDBERO 

Rofucell  Park  Memorial  Institat?,  liajfalo,  Xeie  York 
.VHSTRACT 

It  was  shown  that  urinary  steroid  conjugates  l)ind  avidly  to  human  or  bovine 
serum  all)umin,  especially  the  conjugated  metabolites  of  estradiol,  estrone,  ])ro- 
fjesterone  and  testosterone.  .\dvanta;ie  was  taken  of  this  fact  to  develop  a  new 
method  of  extraction  of  urinary  conju<i:ates.  The  metlnxl  consists  of  dialyzing 
urine  aKainst  1  5  volume  of  n%  bovine  serum  albumin  at  i)H  3-5.  This  is  done 
two  or  three  times  with  fresh  hatcdies  of  albumin.  The  conjuf?ates  are  recovered 
from  tlie  albumin  by  the  addition  of  laifje  volumes  of  ethanol. 

The  nio.st  coininonly  employe. I  metlioJ  of  extraction  of  steroid  conju¬ 
gates  from  urine  is  solvent  partition  using  alcoliols  such  as  n-hiitanol, 
hcxanol  or  cyclohexanol  (1).  Tlie  disadvantages  of  tliis  metliod  are  tlie 
formation  of  emulsions,  the  difficulty  in  removing  high  boiling  lirpiids  and 
the  extraction  of  undesired  substances,  such  as  urinary  pigments.  Recently, 
Edwards  et  al.  (2)  found  that  steroid  conjugates  could  he  extracte.l  with  a 
3:1  ether-ethanol  mixture  from  urine  containing  ’)()%  (w  v)  ammonium 
sulphate.  In  this  paper,  an  additional  method,  based  upon  the  observation 
that  steroid  conjugates  are  strongly  bound  to  .serum  albumin  (3),  is  pre¬ 
sented. 


EXPERIMENTAL 

In  the  course  of  other  studies  (4  (5)  radioactive  steroids  were  injected  intravenously 
into  human  subjects.  The  steroids  were  labelled  with  C''^  at  ('4  except  for  the  estrogens 
which  were  labelled  at  Cl (5.  Radioactive  metabolites  in  the  urine  were  extracted  In- 
dialysis  a;;ainst  1  10  or  1  5  volume  of  5%  (in  ])hysiolo, deal  saline)  serum  albumin, 
cither  human  or  bovine,  ])laced  in  23  32”  XoJax  cellulose  casin  '  ( Viskin  '  ('ori)oration). 

I  bis  system  was  contained  in  an  Kilenmeyer  flask  attached  to  a  sup|)ort  which  moved 
throu<>h  an  arc  of  90°  30  times  inin.  at  5°  C  for  72  hours.  The  human  serum  albumin 
(USA)  was  obtained  from  the  .Vmerican  Red  (’ross  and  was  electroi)horetically  i)ure. 
.\mor|)hous  bovine  serum  albumin  (HS.\)  was  obtained  from  Rentex  and  was  95%  pure. 

.\fter  removal  of  the  albumin  from  the  casinu;,  the  i)rotein  was  precipitated  by  addi¬ 
tion  of  .5-10  volumes  of  ethanol.  The  |)recii)itate  was  washed  with  a  similar  volume  of 
.•dcohol.  The  combined  alcoholic  extracts  as  well  as  the  extracted  urine  was  counted  by 
the  fias  flow  method  (4).  Later  samples  were  counted  by  a  litpiid  .scintillation  method 
tl).  The  alcohol  was  removed  from  the  combined  extracts  by  gentle  warming  while  a 
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Fig.  1.  Kxtraction  of  radioactivity  from  uni)uffered  urine  of  patients  injected  with 
C''^-steroids  by  means  of  1  10  volumes  of  5%  human  serum  albumin.  “E2”  represents 
estradiol- 1 7/3.  In  some  cases  more  than  one  urine  per  patient  was  extracted.  In  this 
exi)eriment  only  the  alcoholic  extracts  were  assayed  for  radioactivity. 


stream  of  air  was  directed  over  the  surface  of  the  alcohol.  The  extraction  of  the  urine 
was  repeated  with  a  fresh  j)ortion  of  serum  albumin  and  in  some  cases  it  was  repeated 
a  third  and  fourth  time.  The  urines  extracted  with  HS.\  were  not  buffered.  Those 
extracted  with  BS.V  were  divided  into  ecjual  portions  and  buffered  at  various  pH’s  from 
3  to  11.  The  following  buffers  were  used:  pH  3,  0.03.1/  glycine;  pH  4-5,  0.1.1/  acetate; 
pH  G-S,  0.05.1/  phosphate;  pH  9-11,  0.03.1/  glycine.  The  pH  of  the  urine  and  the  BSA 
was  adjusted  before  dialysis  was  .started. 

-Vt  the  end  of  an  extraction  experiment,  the  extracts  obtained  from  a  single  urine  at 
all  pH’s  were  pooled  and  were  hydrolyzed,  along  with  the  residual  urine,  by  both  enzy¬ 
matic  and  acidic  methods  (4). 

RESULTS  .\XD  DISCUSSION’ 

The  result.s  of  extraction  of  urine  with  H8A  are  shown  in  Figure  1.  It  is 
apparent  that  a  iiigh  percentage  of  the  radioactivity  in  the  urine  was  re¬ 
moved  by  dialysis  with  HSA,  thus  showing  the  affinity  of  steroid  conju¬ 
gates  for  serum  albumin.  This  was  especially  true  of  the  metabolites  o! 
estradiol,  testosterone  and  progesterone.  The  metabolites  of  corticosterone 
and  cortisol  were  removed  to  a  lesser  extent.  That  a  large  percentage  of  tin 
steroids  bound  to  albumin  were  conjugated  is  apparent  from  Table  1.  Ii 
most  cases,  only  traces  of  radioactivity  were  present  in  the  unconjugate*, 
fraction. 

In  Figure  2  is  shown  the  effect  of  extracting  with  B8A  at  various  pH’s,  b 
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T  able  1.  Determination'  ok  conjugated  and  unconjugated  radioactive  metabolites 

PRESENT  IN  THE  EXTRACT  OK  SERUM  ALBUMIN  AKTER  DIALYSIS  OK  RADIOACTIVE 
URINE  AND  IN  THE  URINE  AKTER  DIALYSIS 
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*  The  percentage  of  the  initial  urinary  radioactivity  extractable  after  hydrolysis  with 
fj-gliicuronidase,  at  pH  1  and  by  refluxing  with  hot  acid. 
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Fig.  2.  E.xtraetion  of  radioactivity  from  buffered  urine  of  patients  injected  with 
O'^-steroids  by  means  of  1/10  volume  of  5%  bovine  serum  albumin  except  “Pg,”  pro- 
testerone,  which  was  extracted  with  1/5  volume.  The  small  numbers  in  the  columns 
lenote  the  number  of  extractions  performed  at  that  pH.  Both  the  alcoholic  extracts 
ind  the  urine  were  assayed  for  radioactivity. 
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appears  that  the  extent  of  extraction  is  insensitive  to  pH.  Only  at  pll  1 
was  there  a  consistent  and  pronounced  decrease  in  extractability.  In  thre  ■ 
out  of  four  cases  there  was  a  slight  decrease  at  pH  7  as  compared  to  that  a, 
pH  3  and  pH  o.  In  every  case  tested  extraction  was  greater  at  pH  9  than  a> 
pH  7.  We  have  used  pH  o  as  the  standard  pH  for  further  extractions  ab 
though  admittedly  pH  3  might  have  been  more  advantageous  in  the  case 
of  estrone  and  cortisol. 

From  a  comparison  of  Figures  1  and  2  it  is  apparent  that  BSA  is  les^ 
efficient  than  USA  in  removing  .steroid  conjugates.  This  deficiency  can  be 
overcome  by  u.sing  larger  quantities  of  BSA  as  was  done  with  the  sample^ 
following  proge.sterone  administration  (Fig.  2).  Absorption  spectra  mea.'<- 
I  ured  from  350-700  m/x  indicate  that  extracts  obtained  by  this  method  con- 

(  tain  substantially  the  same  amount  of  pigment  as  do  butanol  extracts  of 

j  the  same  urine. 
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ABSTRACT 

Experiments  on  albino  rats  indicate  that  stylomycin  aminonuoleoside 
(SAN)  can  produce  typical  osteitis-fibrosa-like  changes  in  the  rat.  These  lesions 
occur  even  in  parathyroidectomized  or  thyroparathyroidectomized  animals; 
hence,  here,  osteitis  fibrosa  does  not  appear  to  be  a  secondary  result  of  stimula¬ 
tion  of  the  i)arathyroids. 

The  symirome  of  renal  rickets  has  long  been  known,  hut  only  compara¬ 
tively  recently  has  it  been  clearly  distinguished  from  vitamin-I)  de- 
liciency  through  the  recognition  of  pathogenic  relationships  between  this 
disease  and  the  parathyroids. 

It  has  been  observed  that,  in  man,  nephritis  may  be  associated  with  gen¬ 
eralized  soft  tissue  calcification  and  adenomatous  hyperplasia  of  the  para¬ 
thyroids  (1).  Subsequently,  it  became  po.ssible  to  show  that  the  parathy¬ 
roids  taken  from  unselected  nephritics  are,  on  the  average,  more  than  50% 
larger  than  those  of  non-pephritic  controls  (2).  These  findings  suggested 
.'iome  etiologic  connection' between  renal  disease  and  parathyroid  hyper¬ 
function,  but  for,many  years  the  nature  of  this  interrelationship  remained 
controversial. 

Albright  (3)  believed  that  the  primary  point  of  attack  of  the  parathyroid 
hormone  is  in  the  kidney,  .since  the  first  result  of  the  administration  of 
parathyroid  extract  which  he  could  detect  was  a  lowering  of  the  renal 
threshold  for  phosphorus,  accompanied  by  increased  elimination  of  phos¬ 
phate  and  a  decrease  in  the  inorganic  phosphorus  content  of  the  .serum. 
However,  Collip  ct  al.  (4)  demonstrated  in  rats  that  treatment  with  para¬ 
thyroid  hormone  can  produce  osteitis  fibrosa,  even  after  complete  nephrec¬ 
tomy.  This  definitely  proved  that  parathyroid  hormone  does  not  act  upon 
the  skeleton  merely  by  inducing  a  special  kind  of  renal  failure.  The  cpies- 
tion  .still  remained  whether  a  primary  renal  disease  acts  upon  the  bones 
directly — the  parathyroids  being  affected  only  secondarily  as  a  conse¬ 
quence  of  the  skeletal  lesion.s — or  whether  the  os.seous  changes  in  renal 
di.sease  are  due  to  an  increased  parathyroid  hormone  production.  How¬ 
ever,  complete  bilateral  nephrectomy  in  the  rat  is  followed  by  hypertrophy 
of  the  parathyroids  accompanied  by  osteitis  fibrosa  and  parathyroidec- 
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Fig.  1A.  Growth-oartilase  region  from  tlie  lower  end  of  the  femur  of  an  untreate  1 
control  rat.  Note  broad  growth-cartilage  and  regular  primary  bone  spicules  with  marrow- 
tissue  between  them  ( X  XO) . 

B.  Comparable  region  from  an  S.\X-treated  rat  of  Group  II.  The  growth-cartilage  is 
irregular  and  narrow;  most  of  the  primary  spicules  just  beneath  the  cartilage  have 
disappeared  together  with  the  bone-marrow  tissue.  There  is  marked  proliferation  of 
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t  >my  prevents  the  development  of  this  skeletal  disease  after  nephrectomy. 

'I  hese  experiments  led  to  the  conclusion  that  “the  hormone  of  the  para- 
t  lyroids  does  not  act  on  the  bones  through  the  intermediary  of  the  kidney, 
i  '  had  been  postulated  l)y  others.  Nephrectomy,  on  the  other  hand,  prob- 
f  )ly  affects  the  bones  becau.se  it  stimulates  the  production  of  the  hormone 
1  v-  the  parathyroid”  (5),  It  was  tempting  to  a.s.sume,  therefore,  that  all 
c'Ugs  which  produce  renal  damage  and  osteitis  fibrosa  act  upon  the  skele- 
t  m  through  the  parathyroids. 

The  ob.servations  to  be  described  in  this  communication  show,  neverthe- 
1(  ss,  that  it  is  po.s.sil)le  to  produce  osteitis  fibro.sa  in  the  absence  of  the  para- 
tfwroids  bv  a  nephrotoxic  drug,  namelv,  stvlomvcin  aminonucleoside 
(SAN). 

The  literature  on  stylomycin  and  its  aminonucleoside  is  somewhat  con- 
hising,  owing  to  the  fact  that  this  antibiotic  was  first  called  “achromycin,” 
(a  name  which  now  designates  another  antibiotic)  (6)  and  then,  “puro- 
iiiycin”  (7,  8,  0)  before  it  was  given  its  current  name  “.stylomycin.”  Little 
i>  known  as  yet  about  the  pharmacology  of  stylomycin,  apart  from  its 
efficacy  in  the  treatment  of  infections,  particularly  tho.se  caused  by  certain 
trypanosomes.  It  has  l)een  noted,  however,  that  stylomycin  and  its  amino- 
nucleoside  can  produce  a  nephrosi.s-like  .syndrome  with  renal  lesions,  sub¬ 
cutaneous  edema,  pleural  fluid,  ascites,  hyperproteinemia,  hyperlipemia 
and  azotemia  in  laboratory  animals  (6,  8).  This  condition  is  apparently  ac¬ 
companied  by  increased  aldosterone  secretion  (9), 

M.\TERI.\LS  AND  METHODS 

Fifty  female  Sprague-Dawley  rats,  with  an  average  initial  body  weight  of  101  gin* 
(95-110  gm.),  were  subdivided  into  five  equal  groups.  Group  I  acted  as  normal,  untreated 
controls,  while  the  other  animals  were  treated  as  follows:  Group  II:  S.\X,  Group  III: 
SAX'  j)lus  thyroparathyroidectomy.  Group  IV:  S.\X  i)lus  thyroparathyroidectomy  plus 
thyroxine.  Group  F:  S.\X  plus  parathyroidectomy.  Stylomycin  aminonucleoside,  or 
SAX  (6-dimethylamino  i)urine,  3-amino-d-ribose),  was  given  at  the  daily  dose  of  1  mg.  in 
0.2  ml.  of  water,  subcutaneously.  Thyroparathyroidectomy  was  j)erformed  in  Groups 
III  and  IV  under  ether  anesthesia  by  blunt  dissection  of  the  thyroid  ai)paratus  with  a 
pair  of  forceps,  .\fter  exposure  of  the  lateral  aspect  of  the  thyroid  under  ether  anesthesia, 
the  parathyroids  were  destroyed  in  Grouj)  V  by  a  fine-tipped  thermocautery.  Thyroxine 
'sodium  thyroxinate,  British  Drug  Houses)  was  given  at  the  daily  dose  of  10  p".  in  0.2 
ml.  of  water,  subcutaneously,  in  order  to  compensate  selectively  for  the  thyroid  defi¬ 
ciency  in  the  thyroj)arathyroidectomized  rats  of  Group  IV. 

Throughout  the  experiment,  the  rats  were  maintained  on  “Purina  Fox  Chow”  and 
tap  water,  all  animals  being  killed  with  chloroform  on  the  21st  day  of  the  experiment. 
^  ///// 

fibrous  connective  tissue,  and  numerous  dark  osteocytes  are  visible  even  at  this  low  mag¬ 
nification  (XHO). 

C.  High  magnification  of  a  region  from  Figure  .\  showing  normal  bone  structure 
(X320). 

I).  High  magnification  of  a  region  from  Figure  B  showing  proliferating  connective 
tissue,  numerous  large  osteoclasts  and  poorly  staining,  degenerated  })rimary  spicules  in 
the  process  of  absorption  (X320). 
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Immediately  after  autojisy,  specimens  <»f  the  costochondral  junction  and  of  the  low  r 
end  of  the  femur  were  fixed  and  simultaneously  decalcified  in  Susa  solution  for  sul)>  - 
(pient  emheddiuK  in  jjaraffin  and  stainin''  w  ith  hematoxylin-eosin. 

RESULTS 

Even  mere  maeroscopie  inspection  at  autopsy  showed  a  det'nite  grayisii 
discoloration  of  the  hone  at  tlie  costochondral  junction  and  an  erosion  <  f 
the  tral)ecular  lione  just  underneath  the  femoral  epiphyseal  discs  in  CJrou).' 
II  to  V. 

Histologic  examination  of  the  skeletal  structures  revealed  that  in  all  of 
the  SAN-treated  groups,  there  was  marked  absorption  of  trabecular  bone 
-  underneath  tlie  junction-cartilages — l)oth  in  the  femur  and  at  the  costo- 

!;  chondral  margin.  The  bone  marrow  was  extremely  hyperemic;  in  tlx* 

^  regions  affected  by  osteitis  fibrosa,  the  hemopoietic  tissue  l)etween  the 

t  tral)eculae  had  virtually  disappeared  and  was  replaced  by  numerous 

f  fibroblasts  and  osteoclasts.  Many  of  the  persisting  tral)eculae  showed  sign> 

of  degeneration  in  that  they  stained  only  very  poorly  with  eosin,  and  the 
junction-cartilage  was  narrow  and  irregular  (Fig.  1). 

These  changes  were  indistinguishable  from  those  produced  by  excessive 
amounts  of  parathyroid  hormone  and  must  be  regarded  as  typical  osteitis 
fibrosa.  The  lesions  were  fully  developed  in  all  S.VX-treated  groups,  al¬ 
though  tlie  degree  of  fibrous  tissue  proliferation  was  less  pronounced  and 
.  the  size  (though  not  the  number)  of  the  osteoclasts  appeared  to  be  smaller 
in  the  three  groups  in  which  the  parathyroids  had  been  removed  than  in 
the  intact  controls  treated  with  SAN. 

DISCUSSION' 

To  the  best  of  our  knowledge,  it  has  not  been  possible  up  to  the  present 
time  to  reproduce  the  typical  picture  of  osteitis  fibrosa  in  a  parathyroicl- 
ecdomizecl  animal  with  any  agent  except  parathyroid  hormone  and  the 
cdosely  related  vitamin-I)  derivatives  (e.g.,  dihydrotachysterol).  Consc- 
cpiently,  osteitis  fibrosa  has  been  regarded  as  a  bone  lesion  characteristic 
of  hyperparathyroidism.  The  observations  described  in  this  paper  clearlx 
indicate,  however,  that  SAN  can  produce  osteitis  fibrosa,  even  in  the 
absenc*e  of  parathyroid  tissue.  It  is  of  course  conceivable  that  accessory 
parathyroids,  situated  outside  the  thyroid,  might  have  played  a  role  in  the 
development  of  these  changes.  However,  control  experiments,  in  which 
complete  nephrectomy  was  performed  in  otherwise  intact,  and  in  .simul¬ 
taneously  thyroparathyroidectomized,  Sprague-Dawley  rats,  confirmed 
our  earlier  observations  (^macle  on  another  colony  of  rats):  after  ablation 
of  the  kidneys,  osteitis  fibrosa  developed  only  in  the  otherwi.se  intact,  and 
not  in  the  thyroparathyroidectomized  animals.  Hence,  the  parathyroid 
deficiency  induced  by  thyroparathyroidectomy  in  our  rat.s  evidently  .suf¬ 
fices  to  prevent  a  parathyroid-mediated  bone  lesion. 
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ABSTRACT 

The  effect  of  Oritiiise  on  the  f)loo(l  sunar  concentration  of  rabbits  and  j)ar- 
tially  i)ancreatectomized  fiogs  treated  with  adrenal  steroids  and  or  growth 
hormone  was  correlated  with  tlie  morphologic  alterations  in  the  pancreas.  C'on- 
comitant  with  increasing  severity  and  duration  of  the  diabetic  state  increasin ; 
numbers  of  animals  failed  to  show  significant  hyj)oglycemia  after  a  test  dos? 
of  the  sulfonylurea.  It  was  also  found,  with  one  excejdion,  that  in  those  diabetic 
animals,  whose  beta  cells  were  comjjletely  degranulated,  no  hypoglycemia  was 
ol)served  after  Orinase.  Fuithermore,  dogs  with  metahypo))hyseal  diabetes 
also  failed  to  respond.  When  com])lete  beta  cell  degranulation  occurs  in  dia¬ 
betes,  produced  by  experimentally  increasing  the  ilemand  for  insulin,  it  can  be 
assumed  that  the  pancreas  is  ])utting  out  insulin  at  maximal  capacity,  and  has 
lost  its  insulinogenic  reserve.  On  the  other  hand,  metahypophyseal  diabetes  is 
.  an  insulin  deficiency  syndrome  due  to  degenerative  changes  in  beta  cells.  The 
ineffectiveness  of  Orinase  under  these  conditions  support  the  viewpoint  that 
the  hypoglycemic  action  of  tlie  drug  is  mediated  by  stimulation  of  the  beta 
cells  to  increased  insulin  outi)ut.  However,  certain  data  which  was  obtained 
suggested  additional  extrai)ancreatic  actions,  j)robably  on  the  liver  and  central 
nervous  system.  These  observations  included,  a  hypoglycemic  response  to 
Orinase  in  an  animal  with  com))lete  beta  cell  degranulation;  as  well  as,  a  marketl 
l  apid  blood  sugar  elevation  in  hormone-treated  rabbits,  after  rapid  intravenous 
Orina.se  injection,  usually  followed  by  death  of  the  animals.  The  clinical  impli¬ 
cations  of  these  experiments  in  relation  to  the  effectiveness  of  the  sulfonylureas 
in  various  types  of  diabetic  i)atients  are  discussed. 

Although  the  hlood  .sugar  lowering;  effect  of  the  various  sulfonylurea 
^  derivatives  has  become  a  well  established  fact  their  mode  of  action 
is  still  a  matter  of  conjecture.  Loubatieres  found  these  drugs  to  be  effec¬ 
tive  in  the  partially  pancreatectomized  dog  but  not  in  the  .severely  alloxan- 
diabetic  or  totally  pancreatectomized  animal  (1).  He,  therefore,  .suggested 
that  their  action  is  mediated  by  stimulation  of  the  pancreatic  /j  cells  to 
increa.se  insulin  output.  Additional  phy.siologic  evidence  .suggesting  an  in¬ 
creased  insulin  output  from  the  0  cells  under  the  influence  of  these  com¬ 
pounds  has  been  obtained  by  experiments  in  which  systematically  ineffec¬ 
tive  do.ses  of  the  sulfonylureas  perfu.sed  directly  through  the  pancreatic 
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i  rtery  caused  significant  peripheral  hypoglycemia  (2).  Furthermore,  in 
( "OSS  circulation  experiments,  hypoglycemia  was  observed  in  recipient  ani- 
1  lals  after  pancreatic  artery  perfusion  in  the  donor  dog  (3).  Recently  an  in- 
(  eased  insulin  content  in  the  pancreatic  vein  of  the  dog  has  also  been  re- 
]  orted  following  acute  administration  of  the  sulfonylureas  (4). 

Although  the  above  (pioted  findings  seem  rather  conclusive  there  is  on 
lae  other  hand,  considerable  evidence  which  is  at  variance  with  this  hy- 
j  othesis.  For  example,  chronic  administration  of  Orinase  is  reported  by 
.-ome  to  reduce  the  degree  of  diabetes  of  completely  depancreatized  dogs 
liiaintained  on  small  doses  of  insulin  (o).  Furthermore,  no  significant  effect 
of  these  compounds  could  be  demonstrated  on  the  rate  of  blood  glucose 
lomoval  while  the  rate  of  conversion  of  galactose  and  fructose  to  glucose 
was  diminished  (6).  Others  demonstrated  that  the  rate  of  disappearance 
of  intravenously  infused  pentoses  increases  threefold  after  insulin,  but  is 
not  affected  by  the  sulfonylureas  (7).  Several  workers  have  found  a  de- 
( lease  of  pyruvate  and  lactate  after  Carbutamide  compared  with  an  in- 
( lease  after  insulin  (8,  <)).  Still  other  investigators,  utilizing  Cu  tagged 
glucose,  observed  in  rats  that  after  insulin  administration  there  is  a  rapid 
fall  in  specific  activity  in  the  blood  while  after  Orinase  injection  the  fall 
in  specific  activity  is  no  greater  than  in  control  animals  (10).  The  extra- 
pancreatic  mechanisms  which  have  been  suggested  to  account  for  the 
l)lood  sugar  lowering  action  of  these  drugs  include  particularly:  enhance¬ 
ment  of  insulin  action  by  iidiibition  of  insulinase  (11);  and,  inhibition  of 
liepatic  glycogenolytic  enzyme  systems  (12,  13). 

In  certain  phases  of  experimental  diabetes  induced  surgically  by  reduc¬ 
ing  the  pancreatic  mass  and  by  administration  of  such  anti-insulin  agents 
as  cortisone  or  growth  hormone  the  functional  reserve  of  the  pancreas  is 
exhausted  (14,  lo,  10).  Under  these  circumstances,  since  the  pancreas  is 
already  producing  insulin  at  maximal  capacity,  theoretically  no  hypo¬ 
glycemic  effect  should  be  obtained  by  administration  of  Orinase  if  it  acts 
by  increasing  insulin  output.  It  was  considered  that  this  physiologic  phe¬ 
nomenon  in  conjunction  with  morphologic  studies  of  the  pancreas  could 
lie  utilized  as  an  experimental  tool  for  further  investigation  of  the  mode 
of  action  of  Orinase. 

M.\TERI.\L  AND  METHODS 

I.  Rabbit  Experiments:  N’inety  X*e\v  Zealand  white  ial)I)its  of  eitlier  sex  wliose  weiglit 
varied  from  2500  to  4000  gm.  were  maintained  on  ])urina  rabbit  chow  and  water  ad 
libitum.  Thirty  of  these  animals  received  a  single  injection  of  cortisone  acetate’  intra¬ 
muscularly  daily  for  periods  varying  from  5  to  14  days.  The  dose  was  5  mg.  kg.  during 
the  first  week  and  was  subsequently  raised  to  10  mg.  kg.  .Vnother  group  of  14  animals 
was  given  2.5  to  5  mg. /kg.  of  hydrocortisone  acetate’  intramuscularly  simultaneously 


’  Cortisone  acetate,  hydrocortisone  acetate  and  Orinase  were  supplied  through  the 
courtesy  of  Dr.  C.  J.  O’Donovan  of  the  Upjohn  Company,  Kalamazoo,  Alichigan. 
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with  1  to  2  nin./hf?-  of  i)iirifie(i  growth  hormone^  daily  for  periods  varying  from  7  to  1  » 
days.  On  the  day  following  the  last  injection  of  these  hormones  each  animal  received  t 
single  intravenous  or  oral  test  dose  of  0.2o  gm.  kg.  of  Orinase^  except  for  two  groups  i  f 
six  each  of  the  cortisone-treated  animals  who  received  either  2  cc.  of  saline  or  1  un  • 
/kg.  of  glucagon-free  insulin.  .\n  additional  40  untreated  control  rabbits  were  similar! 
tested  with  Orinase.  .\nother  series  of  0  rabbits  received  simultaneously  5  mg.  kg.  of 
hydrocortisone  acetate  intramuscularly  and  1  mg.  kg.  of  purified  growth  hormone  sui- 
cutaneously  daily  for  10  days.  On  the  day  after  the  last  hormone  injection  each  rabbit 
received  a  single  intravenous  dose  of  O.o  gm./ kg.  of  Orinase  rapidly. 

In  the  hormone-treated  animals  blood  specimens  for  glucose  determinations  wen- 
taken  daily  from  the  marginal  ear  vein.  In  addition,  blood  was  taken  from  all  animai^ 
priftr  to  and  at  hourly  intervals  for  3  or  4  consecutive  hours  after  the  administration  o: 
the  test  material.  .Vt  the  end  of  that  period  the  animals  were  sacrificed  by  overdosagi 
with  nembutal  and  the  tail  of  the  j)ancreas  was  removed  for  morphologic  study. 

11.  Dog  Experiments:  grouj)  of  35  mongrel  dogs  of  either  sex  weighing  from  12  to 
16  kg.  were  N()%  i)artially  pancreatectomized  and  then  treated  with  6  to  10  mg.,  kg. 
daily  of  cortisone  acetate  for  periods  of  10  to  75  consecutive  days.  .Vll  animals  received  a 
high  carbohydrate  diet  consisting  of  mashed  potatoes,  meat  and  meat  gravy  and 
glucose  solution  ad  libitum  instead  of  drinking  water.  Of  these  animals  7  developed 
marked  hyperglycemia  with  a  blood  sugar  of  over  300  mg.%  and  one  each  were  tested, 
sometimes  repeatedly,  with  a  single  dose  of  300  mg.  kg.  Orinase  and  1  unit,  kg.  insulin 
at  5  to  10  days  after  onset  of  the  hyperglycemia.  .\t  the  termination  of  the  test  period 
each  dog  was  sacrificed  by  ovenlosage  with  Xembutal  and  the  residual  pancreatic  ti.ssue 
was  removed  for  morj)hologic  study.  .\n  additional  5  dogs  who  had  been  comparatively 
normoglycemic  during  cortisone  treatment,  with  blood  sugars  never  higher  than  ISO 
mg.%,  were  similarly  tested  and  sacrificed.  Four  more  partially  pancreatectomized  ani¬ 
mals.  who  during  22  to  91  days  of  cortisone  administration  did  not  become  diabetic, 
received  3  mg.  kg.  of  growth  hormone  subcutaneously  daily  for  either  2  or  3  weeks.  .\t 
the  end  of  this  2-  or  3-week  jjeriod  these  dogs  were  also  tested  with  both  Orinase  and 
insulin.  Immediately  after  the  Orinase  test  a  biopsy  of  the  pancreas  was  taken.  The 
growth  hormone  was  then  discontinued.  .Vfter  a  rest  period  of  3  weeks  the  animals  were 
treated  with  1  gm.  of  Orinase  orally,  twice  daily,  for  an  additional  3  weeks  after  which 
they  were  sacrificed  and  the  remaining  jjortion  of  the  jjancreas  was  removed.  A  group  of 
15  normal  untreated  dogs,  serving  as  controls,  received  a  single  intravenous  or  oral  dose 
of  300  mg.  kg.  of  Orinase.  During  the  experimental  period  venous  blood  specimens  for 
glucose  determination  were  taken  daily  from  all  dogs  and  also  i)rior  to  and  at  hourly 
intervals  for  3  to  4  hours  after  administration  of  the  test  drug. 

The  jiancreatic  tissue  of  all  animals  (rabbits  and  dogs)  was  fi.xed  in  Zenker  formol 
solution.  The  blocks  were  embedded  in  paraffin  and  sections  were  stained  by  a  modifi¬ 
cation  of  the  aldehyde-fuchsin  techniciue  (17),  a  modification  of  the  Masson  trichrome 
technicpie  (IS)  and  the  |)eriodic  acid  Schiff  technique  with  a  trichrome  counterstain 
controlled  by  diastase  digestion  (19).  The  blood  sugar  determinations  were  carried  out 
by  the  Xelson-Somogyi  method  (20). 


RESULTS 

I.  Rabbit  Experiments:  Very  often  24  hours  after  the  first  dose  of  steroid 
witli  or  without  growth  hormone  there  was  a  moderate  elevation  of  the 
blood  sugar  concentration  up  to  170  to  200  mg.%  and  by  48  hours  the 

*  Purified  growth  hormone  was  a  gift  from  the  Endocrine  Studv  Section,  Xational 
Institute  of  Health. 
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Mood  sugar  frequently  was  over  200  mg.%.  The  maximum  extent  of  dia- 
!  etes  was  usually  achieved  by  the  oth  to  9th  day  after  which  the  blood 
>ugar  tended  to  decline.  On  increasing  the  hormone  dose  the  blood  sugar 
rose  again  but  a  secondary  decline  was  observed  in  about  a  week.  Thirty- 
!\vo  of  the  Orinase  tested  rabbits  were  divided  into  3  groups  according  to 


Fig.  1.  Representative  pancreatic  islet  of  a  moderately  diabetic  rabbit  treated  with 
5  mg.  k}'.  of  hydrocortisone  acetate  and  1  mg.  kg.  of  growth  hormone  daily  for  9  days. 
Tliere  is  partial  degranulation  of  the  cells.  The  residual  granules  are  polarized  around 
the  capillaries  (arrows),  .\ldehyde  Fuchsin  Trichrome.  X2<S0. 


the  blood  sugar  level  on  the  la.st  two  experimental  days.  The  first  group 
consisted  of  6  rabbits  who  terminally  were  normoglycemic  and  showed  no 
or  only  extremely  mild  /3-cell  degratiulation.  All  the.se  animals  showed  a  sig¬ 
nificant  decline  of  the  blood  sugar  of  30%  or  greater  on  either  oral  or  intra¬ 
venous  administration  of  the  te.st  do.se  of  0.2.5  gm.  kg.  of  Orinase.  The 
second  group  consisted  of  17  rabbits  who  were  moderately  hyperglycemic 
in  the  la.st  two  experimental  days,  with  the  blood  .sugar  ranging  between 
160  and  225  nig.%.  The  pancreas  of  these  rabbits  showed  /3  cell  degranula¬ 
tion  which  varied  from  mild  to  very  marked  (Fig.  1)  and  3  of  them  had 
complete  loss  of  j3-cell  granules.  There  was  also  usually  some  glycogen 
infiltration  in  the  duct  epithelium  and  occasionally  also  in  /3  cells.  Of  these 
17  rabbits,  10  showed  a  .significant  hypoglycemic  response  to  Orinase,  7  did 
not.  The  3  animals  with  completely  degranulated  pancreas  were  part  of 
the  latter  group.  The  third  group  consisted  of  9  rabbits  whose  terminal 
blood  .sugar  was  above  225  mg.%.  The.se  animals  showed  changes  in  pan- 
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creatic  morphology  which  were  similar  to  those  of  the  second  group  excepi 
that  the  extent  of  /3-cell  degranulation  and  glycogen  infiltration  was  in  gen 
eral  more  severe.  Four  of  these  animals  showed  complete  /3-cell  degranula¬ 
tion  (Fig.  2).  Of  the.se  9  rabbits,  2  showed  a  .significant  decline  in  blood 
sugar  after  the  te.st  do.se  of  Orina.se.  Seven,  including  the  4  with  completely 


Fig.  2.  Representative  panereatie  islet  of  a  severely  hyperglyeeinie  rabbit  treated 
with  o  m/f.  k/f.  of  hy<lroeorti.sone  and  1  mg.  kg.  of  growth  hormone  daily  for  9  days. 
There  is  complete  degranulation  of  the  /3  cells.  Aldehytle  Fuehsin  Triehrome.  X7!S0. 

degranulated  pancreas,  showed  no  decline  after  Orinase.  The  blood  .sugar 
respon.se  of  2  repre.sentative  rabbits  is  illu.strated  in  Fig.  3. 

The  6  rabbits  which  were  treated  with  both  o  mg.  kg.  hydrocortisone 
and  1  mg.  kg.  growth  hormone  showed  moderate  to  severe  diabetes.  Fol¬ 
lowing  the  rapid  intravenous  admini.stration  of  0.5  gm.  kg.  of  Orinase  a 
marked  ri.se  of  the  blood  .sugar  of  up  to  000  mg.%  above  the  fasting  value 
ensued,  and  all  except  one  of  the  animals  died  within  12  to  4  hours  (Fig. 
4).  Morphologically  the  pancreas  showed  changes  similar  to  those  de- 
.scribed  abov'e.  After  saline  admini.stration  to  hormone-treated  rabbits  the 
4  hour  blood  sugar  values  tended  to  be  somewhat  lower  than  the  initial 
fasting  level  although  not  more  than  10%.  After  in.sulin  admini.stration  to 
similar  animals  there  was,  with  one  exception,  a  decline  of  the  blood  sugar 
of  at  least  30%  below  fa.sting  level.  A  single  test  do.se  of  Orina.se  admin¬ 
istered  to  normal  animals  almost  inv'ariably  cau.sed  a  decline  of  the  blood 
sugar  of  30%  or  more  from  the  fa.sting  level  with  no  identifiable  alteration 
of  pancreatic  morphology. 

II.  Dog  Experiments:  All  0  dogs  with  marked  terminal  hyperglycemia 
showed  complete  degranulation  of  the  /3  cells  of  the  pancreas  (Fig.  5)  to- 
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Fig.  3.  Blood  sugar  levels  of  two  rejiresentative  rabbits  treated  with  5  ing./kg.  of 
hydrocortisone  acetate  and  1  mg. /kg.  of  growth  hormone  daily  (left  grapli).  The  riglit 
liand  graph  demonstrates  the  hourly  blood  sugar  values  for  each  animal  after  an  intra¬ 
venous  test  dose  of  0.25  gm./kg.  of  Orinase  given  on  the  9th  day. 


gether  with  variable  degrees  of  glycogen  infiltration  in  ducts  and  |(i-cells. 
The  other  o  partially  pancreatectomized  cortisone-treated  animals  with 
mild  or  no  terminal  hyperglycemia  showed  no  or  only  moderate  (i  cell  de¬ 
granulation  (Fig.  6)  and  occasional  traces  of  glycogen  in  duct  epithelium. 
Of  this  group  of  11  dogs,  5  of  the  6  .severely  dialietic  animals  with  com- 


DAYS 

Fig.  4.  Representative  blood  sugar  curve  of  a  rabbit  treated  with  hydrocortisone 
acetate  5  mg. /kg.  and  growth  hormone  1  mg. /kg.  daily  for  10  days.  On  the  11th  day 
the  animal  was  given  a  rapid  i.v.  injection  of  0.5  gm./kg.  of  Orinase. 
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Fig.  6.  Representative  pancreatic  islet  of  a  partially  pancreatectomized  dog  treated 
with  6  to  10  mg. /kg.  of  cortisone  acetate  daily  who  was  moderately  hyperglycemic. 
There  is  partial  degranulation  of  the  /3  cells.  The  arrows  point  to  the  residual  0  cell 
granules,  .\ldeh\-de  Fuchsin  Trichrome.  XoOO. 


Fig.  5.  Repre.sentative  pancreatic  islet  of  a  iiartially  iiancreatectomized  dog  treated 
with  6  to  10  mg./  kg.  of  cortisone  acetate  daily  for  14  days  who  developed  marked  hyper¬ 
glycemia.  There  is  complete  /3-cell  degranulation,  .\ldehyde  Fuchsin  Trichrome.  X37o. 
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]  letely  degranulated  /3  cells,  as  well  as  2  of  those  with  moderately  degranu- 
1  ited  cells  and  mild  diabetes,  did  not  show  a  significant  blood  sugar  de- 
( line  after  Orinase.  The  remaining  severely  diabetic  dog  with  complete 
,  -cell  degranulation  and  the  other  3  mildly  or  non-diabetic  animals  did 
'  iiow  a  decline.  Insulin  administered  to  all  1 1  dogs  resulted,  in  each  instance, 
m  a  significant  decline  of  the  blood  sugar  level.  Figure  7  illustrates  the  type 


-  300m«/lig  OF  OfUNASC 

-  1  unit; kg  OF  GLUCAGON -FREE 

INSULIN 


0  5  10  IS  20  25  30  35  40  AS  0  12  3  0  12  3 

DAYS  HOURS  HOURS 


MEAN  OF  2  TESTS 
FOR  DOG  A. 

Fig.  7.  Blood  sufjar  levels  of  two  rejiresentative  dof>s,  each  of  which  received  (>  to 
10  mn-,  kg.  of  cortisone  acetate  daily  intramuscularly  startinff  on  the  Sth  day  after 
partial  iiancreatectoniy  (left  grajih).  Each  doK  was  tested  with  both  Orinase  (300  mg. 
kg.)  and  glucagon-free  insulin  (1  unit  kg.)  toward  the  termination  of  the  exiierimental 
period.  The  hourly  blood  sugar  levels  after  Orinase  and  insulin  are  demonstrated  on  the 
right  side. 

of  blood  sugar  response  obtained  in  2  representative  animals,  one  .severely 
and  the  other  only  mildly  diabetic. 

Of  the  4  growth  hormone  treated  dogs  2  developed  su.stained  hyper¬ 
glycemia  with  a  blood  sugar  of  up  to  ooO  mg.%,  one  animal  showed  fluctu¬ 
ating  hyperglycemia  of  up  to  4.')0  mg.%  and  the  4th  dog  displayed  only  a 
temporary  blood  sugar  ri.se  of  up  to  190  mg.%.  On  testing  with  Orina.se, 
at  the  termination  of  growth  hormone  treatment,  the  3  .severely  hyper¬ 
glycemic  dogs  did  not  show  a  decline  of  the  blood  sugar  concentration, 
while  the  mildly  diabetic  dog  did.  One  unit  kg.  of  insulin  administered 
to  each  animal  in  each  instance  gave  a  significant  decrease  of  the  blood 
sugar.  The  pancreatic  biopsy  in  the  3  animals,  who  showed  no  decline,  dis- 
clo.sed  no  /3-cell  granules  and  marked  vacuolization  of  both  0  cells  (Fig.  8) 
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Fig.  S.  Representative  pancreatic  islet  of  a  partially  pancreatectomized  do^  which 
was  first  treated  with  5  to  S  111^.  k^.  of  cortisone  acetate  and  then  received  3  mg.,  kg. 
daily  of  growth  hormone  for  3  weeks  during  which  time  it  became  severely  diabetic. 
There  is  extensive  vacuolization  of  /J  cells  and  complete  loss  of  granules,  .\ldehyde  Fuch- 
sin  Trichrome.  X-iOO. 


Fig.  9.  Pancreatic  islet  of  dog  treated  as  in  Fig.  8  who  became  only  moderately  dia¬ 
betic.  There  is  occasional  vacuolization  (V)  and  considerable  degranulation  of  j8  cells. 
However  residual  granules  are  still  apparent  (arrows).  Aldehyde  Fuchsin  Trichrome. 
X780. 
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Mid  duct  epithelium.  In  the  4th  dog  which  had  been  relatively  normo- 
^•iycemic  and  .showed  a  decline  of  the  blood  .sugar  after  Orinase  there  was 
.>■  )me  vacuolization  and  considerable  degranulation  of  (3  cells,  however 
r  ‘sidual  granules  were  still  present  (Fig.  9).  This  animal  died  shortly  after 
1  lopsy.  The  3  surviving  dogs  of  this  group  showed  continued  hypergly- 
(  'inia  during  the  rest  period,  which  was  at  a  somewhat  lower  level  than 
l  ad  been  pre.sent  during  the  time  of  growth  hormone  administration.  They 


the  ooos  received  cortisone  on  the  6»>PO  OAV 

THE  graph  of  dog  C  STARTS  AT  THE  30t*>  PO  DAY.  PRIOR  TO  THAT  TIME 

BLOOD  SUGAR  WAS  NORMAL. 


Fig.  10.  Rlood  sugar  curves  of  two  representative  partially  pancreatectoinized,  cor¬ 
tisone  (5-S  mg./kg.)  and  growth  hormone  (3  mg.  kg.)  treated  dogs  who  after  a  rest 
period  of  one  week  received  1  gm.  daily  of  Orinase  by  mouth.  Eaeh  animal  received 
intravenou.sly  a  single  test  dose  of  300  mg.  kg.  of  Orinase  on  the  day  of  biojisy  and  4 
hours  prior  to  sacrifice.  No  significant  blood  sugar  decline  was  observed  in  any  instance. 


were  con.sidered  to  have  developed  met ahypophy. seal  diabetes.  On  sub.se- 
(}uent  daily  oral  admini.stration  of  Orina.se  to  these  3  animals  no  signifi¬ 
cant  change  in  blood  sugar  levels  was  obtained  (Fig.  10).  A  single  intrave¬ 
nous  test  dose  of  Orinase  prior  to  sacrifice  evoked  no  hypoglycemic  response. 
.\t  autopsy  the  pancreas  of  two  of  the  animals  disclosed  severe  j3-cell  and 
duct  epithelial  vacuolization  with  no  /3-cell  granules.  No  islets  were  found 
in  the  pancreas  of  the  3rd  dog  which  in  addition  showed  interstitial  pan¬ 
creatitis. 
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In  the  control  experiments,  on  normal  dogs,  a  consistant  significet  t 
decline  of  the  blood  sugar  was  observed  after  a  single  dose  of  Orinase.  How¬ 
ever,  no  reduction  of  pancreatic  /3-cell  granulation  was  seen. 

DISCUSSION 

The  present  study  has  ilemonstrated  that  the  blood  sugar  response  to 
Orinase  decreases  significantly  with  increasing  duration  and  severity  of 
the  diabetic  state  in  animals  with  hormonallv  induced  diabetes  associated 
with  increased  demand  for  insulin.  Morphologically,  the  pancreas  under 
these  circumstances  shows  partial  to  complete  |3-cell  degranulation.  It  was 
found  with  one  exception  that  animals  whose  0  cells  have  been  completely 
degranulated  or  who  had  developed  metahypophyseal  (insulin-deficiency) 
diabetes  failed  to  respond  with  hypoglycemia  to  the  test  dose  of  Orinase. 
Furthermore,  no  alleviation  of  the  diabetic  state  was  observed  during 
chronic  administration  of  the  drug  to  the  metahypophyseal  dogs. 

.Although  the  extent  of  /3-cell  granulation  has  been  shown  to  correlate 
with  pancreatic  insulin  content  (21)  it  does  not  reflect  particularly  the 
rate  of  insulin  synthesis  or  release.  Theoretically  it  may  indicate  either  di¬ 
minished  production  or  increased  secretion.  /3-cell  degranulation  in  animals 
made  diabetic  by  partial  pancreatectomy  or  through  administration  of 
steroids  or  growth  hormone  is  usually  interpreted  as  reflecting  increased 
insulin  output.  Almost  direct  confirmation  of  this  idea  has  been  obtained 
from  intra pancreatic  infusion  of  gluco.se  which  produces  degranulation  of 
the  /3  cells  with  hydropic  change  at  the  same  time  as  the  peripheral  blood 
sugar  of  the  animal  is  lowered  (22).  This  indicates  that  the  pancreas  is 
stimulated  by  glucose  to  increase  its  insulin  output.  The  hypothetical 
dynamics  of  this  form  of  degranulation  are  illustrated  schematically  in 
Fig.  11.  It  is  thought  that  under  normal  conditions  insulin  synthesis  equals 
insulin  release  and  the  granules  serve  as  a  reserve  of  stored  insulin.  The 
first  morphologic  expression  of  increased  insulin  demand  is  partial  /3-cell 
degranulation  which  indicates  a  reduced  pancreatic  reserv^e.  As  the  process 
continues,  the  stage  of  complete  degranulation  is  reached  in  which  the  /3 
cells  are  functioning  at  maximal  capacity  and  there  is  loss  of  functional 
reserve.  This  explanation  as  to  the  functional  significance  of  degranulation, 
together  with  the  fact  that  in  the  present  experiments,  the  animals  with 
completely  degranulated  /3  cells  did  not  respond  to  Orinase,  is  in  accord 
with  the  viewpoint  that  Orinase  hypoglycemia  is  mediated  by  stimulation 
of  increased  pancreatic  insulin  output.  Thus,  in  these  diabetic  animals  the 
pancreas  is  assumed  to  be  functioning  at  maximal  capacity  and  there  is 
complete  loss  of  reserve  so  that  the  drug  is  ineffective  in  further  stimulat¬ 
ing  insulin  release.  This  hypothesis  would  furthermore  explain  the  variable 
effectiveness  of  Orinase  in  animals  with  partial  /3-cell  degranulation.  Visual 
estimates  of  /3-cell  granulation  are  only  a  rough  measure  of  pancreatic 
reserve.  Consequently,  animals  who  still  showed  small  amounts  of  /8-cell 
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granules  may  or  may  not  have  sufficient  functional  reserve  to  respond  by 
livpoglycemia  to  Orinase  administration.  The  lack  of  effectiveness  of 
(  iinase  in  metahypophyseal  diabetes  also  supports  the  view  that  the  drug 
a-  ts  through  increasing  pancreatic  insulinogenesis  but  the  mechanics  are 
(htferent.  The  persistence  of  the  dial)etic  state  after  cessation  of  growth 


DEGRANULATION  : 

RELATIVE  INCREASE  IN  RATE  OF  INSULIN  RELEASE 
AS  COMPARED  TO  SYNTHESIS ,  BUT  ABSOLUTE 
MCREASE  OF  BOTH  (REDUCED  RANCREATIC  RESERVE). 
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Fig.  11.  Sohematic  demonstration  of  the  assumed  dynamies  and  siffnifieanee  of  pan¬ 
creatic  j3-cell  deKianulation  in  diabetes  induced  by  jiartial  pancreatectomy  and  hor¬ 
monal  treatment  in  which  there  is  increased  demand  for  insulin.  The  ujiper  ri^ht  hand 
liracketed  diagram  illustrates  the  mechanism  of  /J-cell  degranulation  reported  to  occur  in 
chronic  hypoglycemic  states  in  which  there  is  decrea.sed  demand  for  insulin. 


hormone  admini.stration  indicate.s  los.s  of  in.sulinogenic  function  by  the  ^ 
cells  and,  therefore,  they  cannot  respond  to  Orinase  administration.  The 
ineffectivene.s.s  of  Orinase  under  these  circumstances  is  in  accord  with  the 
findings  in  other  forms  of  insulin  deficiency  diabetes  induced  by  pan¬ 
createctomy  or  by  alloxan  administration  (1). 

It  has  been  previously  demonstrated  that  prolonged  Orinase  administra¬ 
tion  causes  degranulation  of  the  pancreatic  cells  (23,  24,  25,  26).  Some 
(26)  interpreted  this  finding  as  indicativ’e  of  depres.sion  of  insulinogenesis 
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related  to  extrapancreatically  induced  hypoglycemia  (Fig.  11),  Howevei. 
we  have  shown  that,  in  the  rabbit,  equivalent  hypoglycemia  produced  1) 
chronic  insulin  administration  does  not  result  in  significant  /3-cell  degranu 
lation  (27).  The  Orinase  induced  /3-cell  degranulation  should,  therefore 
be  considered  to  be  due  to  increased  insulin  output  rather  than  to  suppres¬ 
sion  of  insulin  .synthesis.  This  is  in  accord  with  the  fact  that  after  the  .sul- 
fonylureas  the  insulin  content  of  the  pancreas  is  diminished  (28,  29)  aim 
increased  amounts  of  in.sulin  are  present  in  the  pancreatic  vein  blood  oi 
dogs  (4)  and  in  the  plasma  of  rats  (30).  Furthermore,  a  .single  test  dose  oi 
Orinase  is  ineffective  in  further  lowering  the  blood  sugar  level  of  rats  after 
chronic  administration  of  this  material  (30),  This  latter  finding  would  l)c 
analogous  to  the  lack  of  effectivene.ss  of  Orina.se  in  the  present  experiments, 
in  that  the  pancreas  is  made  hyperactive  liy  continuous  sulfonylurea  ad- 
mini.stration,  the  reserve  is  thereby  reduced,  and  an  additional  single  test 
do.se  of  Orina.se  is  not  effective.  Moreover,  an  increa.se  of  i.slet  weight  has 
been  found  in  rats  after  continuous  .sulfonylurea  administration,  .support¬ 
ing  the  viewpoint  that  the  drug  .stimulates  the  i.slets  of  Langerhans  (31). 

The  hypothesis  has  been  advanced  by  some  (o,  1 1)  and  denied  by  others 
(32)  that  in.sulin  but  not  functioning  i3  cells  is  nece.ssary  for  the  hypogly¬ 
cemic  action  of  Orinase.  Our  experiments  in  animals  made  diabetic  by  in¬ 
creased  demand  for  in.sulin,  in  whom  possibly  larger  amounts  of  in.sulin 
than  normal  are  being  put  out  by  the  pancreas,  .suggest  on  the  other  hand, 
that  functioning  /3  cells  are  nece.ssary  for  Orinase  hypoglycemia. 

The  relative  effectiveness  of  Orina.se  in  various  types  of  human  diabetes 
is  in  accord  with  the  idea  that  this  material  acts  by  increasing  pancreatic 
insulin  output.  Human  diabetes  mellitus  is  thought  of  as  being  sometimes 
due  to  absolute  lack  of  insulin  and  also,  frecpiently  to  extrapancreatic 
factors  which  increa.se  the  demand  for  insulin  or  interfere  with  its  effective¬ 
ness  (33,  34,  35).  Thus,  juvenile  dial)etic.s  who  are  commonly  thought  of 
as  being  of  the  in.sulin  deficiency  type  do  not  respond  usually  to  the  sul- 
fonylureas.  On  the  other  hand,  the  middle  aged  diabetic  who  apparently 
has  con.siderable  residual  insulinogenic  ability  frequently  does  respond 
(30,  37).  From  this  hypothesis  as  to  the  mode  of  Orina.se  action  it  might 
be  deduced  that  tho.se  diabetic  patients  who  respond,  have  a  defect  in  the 
normal  mechanism  for  controlling  blood  .sugar  by  increasing  insulin  output. 
It  would  .seem  that  in  the.se  instances  the  .sulfonylureas  act  as  a  more  effec¬ 
tive  insulinogenic  .stimulus  than  does  continuous  hyperglycemia  which  is 
not  effective.  Our  findings  are  in  accord  with  the  fact  that  in  a  patient  who 
has  previously  been  on  in.sulin  the  response  to  Orinase  may  l)e  quite  in¬ 
tense  during  the  fir.st  week  of  treatment,  while  .subsequently  the  effective- 
ne.ss  of  the  drug  diminishes  (38).  Moreover,  it  might  explain  the  observa¬ 
tion  that,  in  .some  diabetic  patients,  Orinase  may  be  .substituted  for  part 
of  the  ordinarily  required  insulin  do.sage  (23).  The.se  findings  might  be 
interpreted  on  the  l)a.sis  that  insulin  admini.stration  alone,  by  reducing  the 
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se  erity  of  hyperglycemia,  tends  to  diminish  endogenous  insulin  secretion 
01  in  other  words,  puts  the  pancreas  “at  rest.”  Orinase  when  given  alone 
nny  show  no  apparent  effect  if  the  pancreas  is  already  stimulated  to  maxi- 
ni  d  capacity  by  hyperglycemia.  Howev’er,  if  Orinase  and  insulin  are  ad- 
m  iiistered  .simultaneou.sly,  endogenous  secretion  is  maintained  at  maximal 
le  els  despite  the  concomitant  presence  of  exogenous  in.sulin,  thus  giving  a 
.sMiergistic  effect. 

So  far  we  have  reviewed  our  own  evidence  and  that  of  other  workers 
w  lich  tends  to  .support  the  /3-cell  stimulation  hypothesis  of  Orinase  action. 
Tiiere  are,  however,  certain  facts  which  seem  to  implicate  additional  ex- 
ti  ipancreatic  mechanisms.  For  example,  in  this  study  one  of  the  severely 
d' ibetic  dogs  whose  pancreas  showed  complete  0-ce\\  degranulation  de- 
v(  loped  hypoglycemia  when  tested  with  Orinase.  Furthermore,  in  the  hor¬ 
mone-treated  rabbit  an  additional  phenomenon  was  noted.  When  a  large 
dose  of  Orinase  was  given  rapidly  intravenou-sly  a  marked  rise  of  the  blood 
sugar  level  was  frequently  observed  which  was  followeil  by  death  of  the 
aidmal  within  one-half  to  four  hours.  The  blood  .sugar  lowering  effect  of 
Orinase  in  this  dog  is  probably  exerted  by  way  of  the  liver  and  may  possibly 
he  a  toxic  response.  This  is  in  accord  with  the  finding  that  Orinase  may  re¬ 
duce  hepatic  gluco.se  relea.se  and  give  a  striking  decrea.se  of  bromsulphalein 
clearance  (39).  The  possibility  of  a  toxic  effect  of  the  .sulfonylurea  com¬ 
pounds  exerted  via  the  liver  is  supported  by  reports  of  hypoprothrombi- 
nemia  and  spontaneous  bleeding  in  dogs  but  not  in  man  during  chronic 
administration  (40).  Similar  observations  have  been  made  by  us.  On  the 
other  hand,  the  peculiar  response  of  the  rabbit  to  the  rapid  intravenous 
injection  of  Orinase,  .seems  to  point  to  a  toxic  action  on  the  central  nervous 
sy.stem.  Other  workers  have  ob.served  a  similar  toxic  phenomenon  in  the 
mouse  and  rat  after  oral  administration  of  the  .sulfonylureas  (41).  The.se 
findings  as  well  as  other  observations  (5-13,  42)  seem  to  indicate  that  there 
may  be  .several  extrapancreatic  effects  of  these  drugs  which  influence  the 
blood  .sugar  lev'el.  This  may  account  for  the  contradictory  re.sults  obtained 
by  different  groups  of  investigators.  However,  the  accumulated  evidence 
jmints  to  the  pancreas  as  the  primary  target. 
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RELATIONSHIP  OF  ADRENOCORTICOSTEROID 
EXC'RETION  TO  URINE  VOLUME  IN 
THE  GUINEA  PIG 


E.  A.  LAZO-WASEM  and  S.  W.  HIER 
with  the  teclinical  a.ssi>stanc*e  of  Lucille  Tranowski 
The  Wilson  Laboratories,  Chicago,  Illinois 

ABSTRACT 

The  normal  output  of  urinary  17-OH  corticosteroids  was  measured  in  male 
fjuinea  pigs  and  its  relationship  to  urine  volume  was  established  before  and 
after  treatment  with  ACTH.  A  diurnal  rhythmicity  was  found  with  lowest  cor¬ 
ticosteroid  excretion  at  night.  By  analysis  of  variance  it  was  found  that  differ¬ 
ences  in  corticosteroid  output  within  individual  guinea  pigs  was  less  than  the 
variations  of  individual  animals  throughout  a  3-day  period.  A  definite  correla¬ 
tion  (r  =  .75)  was  established  between  urine  volume  and  corticosteroid  output  in 
the  resting  animal.  Following  treatment  with  .VCTH,  however,  increased  cor- 
*  ticosteroid  output  was  no  longer  associated  with  increased  urine  volumes  (r 

;  =.34).  It  is  concluded  that  a  direct  relationship  between  corticosteroid  output 

and  urine  volume  exists  onh*  during  lower  levels  of  adrenocortical  activity 
and,  therefore,  the  assay  of  exogenous  ACTH  by  corticosteroid  output  in  the 
guinea  pig  is  not  invalidated  bj-  changes  in  urinary  volume. 

An  IMPORTANT  consideration  when  as.se.s.sing  total  steroid  excretion 
L  is  the  relationship  between  urine  volume  and  cortico.steroid  output. 
Lloyd  (1)  has  found  that  in  the  human,  lower  corticosteroid  levels  arc 
associated  with  smaller  volumes  of  urine,  while  a  large  urine  volume  is 
almost  always  a.s.sociated  with  a  normal  or  high  cortico.steroid  output.  The 
excretion  of  both  biologically  active  and  chemically  detectable  corticoster¬ 
oids  in  the  dog  (2)  has  been  reported  to  decrease  upon  reduction  of  glo¬ 
merular  filtration  rate.  A  rectilinear  relationship  was  found  between  creati¬ 
nine  clearance  and  chemical  corticosteroid  excretion.  Recently,  Kalant  (3) 
has  reported  a  high  degree  of  correlation  between  urine  volume  and  corti¬ 
costeroid  excretion  in  the  rat.  This  may  be  taken  as  indicative  of  the  de¬ 
pendence  of  corticosteroid  output  on  urine  volume,  or  vice  versa. 

Recently,  the  use  of  intact  guinea  pigs  was  suggested  as  assay  animal 
for  the  standardization  of  adrenocorticotropin  (4,  5).  It  becomes  ini 
portant,  therefore,  to  e.stablish  to  what  degree  corticosteroid  output  in  tin 
guinea  pig  is  dependent  on  urine  volume,  and  to  what  extent  this  may  inter 
fere  with  the  use  of  guinea  pigs  for  steroidogenic  assays  of  ACTH. 

In  the  present  study  we  have  measured  the  normal  output  of  urinary  17 
hydroxycorticosteroids  (17-OHCS)  in  the  guinea  pig  and  established  it- 
relationship  to  urine  volume  before  and  after  treatment  with  ACTH. 

Rpccived  .Vugust  12,  1957. 
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METHOD 

Adult,  male  guinea  pigs  ranj?in}>:  in  weifjht  from  500  to  000  gm.  were  used.  The  animals 
were  maintained  on  Rockland  suinpu  pift  pellets,  fresh  cahhase  and  tap  water.  During 
iirine  collection  periods,  all  animals  were  kept  in  individual  metabolism  cages  and  were 


Table  1.  I'ri.narv  IT-hydroxycorticosteroid  excretion  of  untreated, 

ADULT,  MALE  C.UINEA  I’IC.S 


(biinca 

17- 

•hydroxycorticosteroid  excretion— /xg. 

n‘<;.  ' 

No.  j 

1 

12  midnight 
to  8  A.M. 

8  A.M.  to 

4  P.M.  ! 

4  P.M.  to  1 

12  midnight 

Total  Mg- 
(24  hrs.) 

1 

73 

150 

100 

329 

1  '  2 

108 

131 

154  ! 

3t»3 

3 

57 

00 

‘»3  i 

210 

1 

91 

105 

77 

273 

2  i  2 

10 

102 

100 

224 

'  3  1 

55 

140 

48 

242 

1  1 

0 

101  i 

151  i 

311 

3  12  1 

100 

109 

128  i 

343 

1  3  j 

30 

04 

100 

200 

1 

09 

84 

no  ' 

209 

4  2 

— 

— 

3 

44 

5i> 

88 

1  191 

1 

29 

157 

!  77 

i  203 

5  2 

01 

135 

1  78 

!  274 

3  1 

04 

80 

t  78 

221 

1 

72 

1 17 

'  190 

i  385 

(•>  2 

00 

!  138 

!  192 

390 

3 

10 

57 

!  108 

1  235 

1 

77 

108 

101 

:  280 

7  2 

14 
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103 

1  351 

3 

()5 

103 

82 

'  230 

1 

37 

101 

1 00 

302 

8  2  1 
3 

40 

91 

140 

283 

fed  only  cabbage  and  water.  .\11  experiments  were  conducted  in  a  room  maintained  at 
78  +  2°  F  lit  artificially  from  8  a.m.  to  5  p.m. 

Urine  was  collected  with  thymol  as  preservative  and  stored  frozen  until  time  of  chem¬ 
ical  analysis.  Urine  samples  less  than  15  cc.  were  discarded.  I’rinary  17-()HCS  were 
determined  by  the  method  of  Liddle,  Richard  and  Peterson  (5).  U.S.P.  Hydrocortisone 
-\cetate  Reference  Powder  was  used  as  the  standard  for  the  chemical  [)rocedure. 

Urine  was  collected  from  8  guinea  i)igs  for  three  consecutive  8  hour  periods  on  three 
separate  days  to  assess  variability  of  normal  corticosteroid  excretion.  The  same  animals 
were  then  injected  subcutaneously  with  oxycel  purified  .\CTH  prepared  in  our  labora¬ 
tory  (4  T’.iS.P.  units  in  0.5  cc  saline)  on  5  different  daj’s.  Urine  was  collected  for  8  hours 
after  each  injection. 


RESULTS 

Corticosteroid  output  was  found  to  l)e  consistently  lower  during  the 
time  of  darkness.  The  normal  mean  corticosteroid  output  was  114  ng. 
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(8.E. +  10)  during  the  day  hours,  119  Mg-  (8.E.  ±12)  between  4  p.m,  and 
midnight  and  only  54  fig.  (S.E.  +8)  from  midnight  to  8  a.m.  Output  per 
24  hours  was  in  the  range  of  191  to  393  Mg-  (Table  1). 

The  urinary  output  of  17-OHCS  in  normal  guinea  pigs  showed  that 
variation  in  output  by  a  given  guinea  pig  from  day  to  day  was  just  as  great 


17-HYDROXYCORTICOSTEROID  OUTPUT  gG 
PER  8  HOURS 

Fig.  1.  Relationshij)  between  urine  volume  and  urinary  17-hydrox3'corticosteroid 
excretion  in  untreated  guinea  pigs. 

as  that  of  different  animals  in  any  one  period.  Analysis  of  variance  of  the 
24  hr.  excretion  showed  that  the  between  guinea  pig  variation  was  not 
significant  (F  =  2.48  P.9b),  while  the  between-day  variation  was  highly  sig¬ 
nificant  (F  =  10.8  P.99)- 

(lood  correlation  was  found  between  urinarj"  output  and  corticosteroid 
excretion  in  the  untreated  animal  (Fig.  1).  A  value  of  0.75  was  obtained 
for  the  coefficient  of  correlation  (r).  Following  ACTH  injection,  however, 
good  correlation  was  not  apparent  (r  =  0.34.  Fig.  2).  Since  the  two  r  values 
were  found  .significantly  different  (Z  =  2.8  P.99),  the  independence  of  urine 
volume  and  corticosteroid  output  following  treatment  with  ACTH  is  dem¬ 
onstrated. 
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DISCUSSION 

The  dependence  of  normal  corticosteroid  excretion  on  urine  volume  has 
been  shown  in  the  case  of  the  rat  (3)  and  the  human  (1).  This  studj-  shows 
this  to  be  the  case  in  the  normal,  untreated  guinea  pig.  It  appears,  however, 
fhat  in  the  guinea  pig  such  relationship  does  not  hold  following  large  doses 
of  ACTH.  The  present  data  show  that  after  treatment  with  4  U.S.P.  units 


IT-HYDROXYCORTICOSTEROID  OUTPUT  gG. 

PER  8  HOURS 

Fig.  2.  Relationship  between  urine  volume  and  urinary  17-hy(lroxyeortirosteri>id 
excretion  in  guinea  pigs  treated  with  4  U.S.P.  Units  .\CTII. 

of  ACTH  the  corticosteroid  output  of  guinea  pigs  is  doubled  or  tripled 
without  significant  change  in  urinary  volume.  This  indicates  that  assays 
of  exogenous  ACTH  by  corticosteroid  output  in  the  guinea  pig  are  not  in¬ 
validated  by  changes  in  urinary  volume.  The  volume  of  urine  seems  to  be 
a  factor  only  when  the  basal  corticosteroid  output  of  untreated  guinea  pigs 
is  being  measured. 

Previous  studies  have  shown  that  normal,  adult  guinea  pigs  excrete  be¬ 
tween  150  and  400  ng.  of  “Porter-Silber  chromogenic  material”  per  24 
hours  (4).  The  present  data  is  in  good  agreement  with  those  results  and 
furthermore  shows  that  the  greatest  steroid  output  occurs  during  the  wak¬ 
ing  hours. 
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Our  (lata  show  that  guinea  pig  steroid  output  fluctuates  widely  from  day 
to  day.  In  fact,  the  variation  between  different  animals  is  no  less  than  that 
within  individual  guinea  pigs  on  different  days.  This  suggests  that  an 
assay  based  on  subtracting  l)ase  level  from  post-ACTH  excretion,  as 
originally  proposed  by  Liddle  (4),  may  lead  to  erroneous  results.  We  prefer 
Liddle’s  revised  method  (5)  using  the  total  corticosteroid  output  following 
treatment. 
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ABSTRACT 

The  effects  of  human  cliorionic  gonadotropin  (HCG),  pregnant  mares’ 
serum  gonadotropin  (PMS),  and  anterior  pituitary  gonadotroj)in  (APCl)  were 
studied  sinf^ly  and  in  combination  with  each  other  and  with  diethylstilbestrol 
(I)EH)  and  testosterone  propionate  (TP)  on  the  ovaries  of  the  hypopliysecto- 
mized  immature  rat.  Ovarian  weight  and  histological  changes  produced  by  these 
treatments  were  noted. 

I)E8  was  found  to  augment  .VPG,  but  not  HCG  or  PMS.  This  augmentation 
was  evidenced  by  ovarian  weight  gain  and  corpus  luteum  formation.  Certain 
similarities  of  the  effects  of  PMS,  HCG,  and  AP(i  to  those  of  estrogen  and 
androgen  were  found.  TP  antagonized  the  follicular  development  produced  by 
APG  and  DES. 

HCG  caused  striking  thecal  luteinization  of  the  cystic  follicles  produced  by 
both  PMS  and  APG,  and  a  substantial  ovarian  weight  gain.  DES  exerted  pro¬ 
tective  effects  on  the  ova  and  granulosa  cells  in  various  situations. 

“Combination  follicles,”  which  were  partially  luteinized,  yet  contained 
healthy  granulosa  cells  and  ova,  were  produced  bv  the  combination  of  PMS, 
HCG,  and  DES. 

.\PG  was  found  to  retard  or  prevent  premature  thecal  luteinization,  while 
HCG,  and  to  a  lesser  extent  PMS,  promoted  this  phenomenon. 

Estrogens  have  been  reported  to  produce  a  striking  augmentation 
of  ovarian  weight  in  the  hypophysectomized  immature  rat  when 
given  with  human  chorionic  gonadotropin  (1),  pregnant  mares’  serum 
gonadotropin  (2),  and  pituitary  follicle  stimulating  hormone  (3). 

The  present  study  has  been  designed  to  further  explore  these  intriguing 
findings,  to  study  qualitativ’e  and  quantitative  aspects  of  estrogen,  andro¬ 
gen,  and  gonadotropin  influences  on  the  ovary,  and  to  determine  to  what 
extent  the  effects  of  various  gonadotropic  substances  are  mediated  through 
the  production  of  estrogens  and  androgens  in  this  organ. 

Previous  reports  from  this  laboratory  have  defined  the  effects  of  estro¬ 
gens  and  androgens  on  the  ovaries  of  the  hypophysectomized  immature 
rat  as  a  necessary  background  for  the  pre.sent  study  (4,  5). 

Received  August  12,  1957. 
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METHODS 

The  general  experimental  design  described  in  previous  reports  (4,  5)  has  been  f*.  - 
lowed.  Female  rats  of  the  Holtzman  strain,  24-25  days  of  age,  weighing  40-50  gm.,  we  e 
hypoph3’sectomized  bv  the  paraphary  ngeal  route.  \  few  animals  were  also  adrenalect  - 
mized  at  the  time  of  hypophysectomy.  Injections  were  begun  immediately  after  opei  - 
tion  and  repeated  daih'  for  4  days.  The  animals  were  killed  b\'  cervical  fracture  48  houis 
after  the  last  injection  (120  hours  after  hypophysectomy).  The  ovaries  were  dissecti  I 
free  of  adventitious  tissue,  lightly  blotted  and  weighed  without  delay;  they  were  then 
fixed  in  10%  buffered  formalin.  Histological  preparations  were  stained  bj'  the  heim.- 
toxylin-eosin  method. 

Diethylstilbestrol  and  testosterone  propionate  were  dissolved  in  sesame  oil  and  the 
gonadotropins  were  dissolved  in  saline  for  injection.  When  more  than  one  agent  wii> 
given  at  the  same  time  the  injections  were  made  in  different  subcutaneous  sites. 

RESULTS 

Human  chorionic  gonadotropin  (HCG)^  produced  an  abundance  of  in¬ 
terstitial  tissue  and  thecal  luteinization  in  the  ovary  of  the  hypophysecto- 
mized  immature  rat,  as  has  been  described  (6,  7).  These  effects  were  nearly 
maximal  with  the  smaller  dose  of  HCG  used  (0.4  mg.  total),  being  onl\ 
slightly  intensified  by  a  tenfold  increa.se  in  do.se  (8).  A  slight  increase  in 
average  follicular  size  occurred  with  the  smaller  dose  of  HCG  and  further 
enlargement  occurred  with  the  larger  dose,  though  fewer  graafian  follicles 
were  evident  due  to  the  large  amount  of  interstitial  tissue  formed  and  pre¬ 
mature  luteinization  of  follicles  (Fig.  5).  Other  effects  of  HCG  were  similar 
to  those  produced  by  an  intense  androgenic  effect  on  the  ovary  of  the 
hypophysectomized  immature  rat  as  previously  described  (5),  including 
destruction  of  ova,  atrophy  of  granulosa  cells  and  persistence  of  primordial 
follicles.  These  effects  were  not  modified  by  removal  of  the  adrenal  glands 
(Table  1). 

When  diethylstilbestrol  (DES)  was  given  concurrently  with  HCG  no 
augmentation  of  ovarian  weight  was  observed  (Table  1)  in  contrast  to  the 
experience  of  others  (1,  3,  9).  Indeed,  the  addition  of  large  do.ses  of  HCG 
appeared  to  diminish  slightly  the  ovarian  weight  gain  induced  by  DES 
alone.  Histologically,  the  effect  of  added  estrogen  given  to  the  HCG- 
treated  animals  was  manifested  by  less  prominent  thecal  hypertrophy,  a 
tendency  to  pre.serve  eggs  and  granulosa  cells,  and  a  further  increase  in 
follicular  size,  which  still  fell  short  of  the  follicular  size  produced  by  DES 
alone  in  the  hypophy.sectomized  immature  rat. 

Large  corpora  lutea  were  occasionally  present  in  the  ovaries  of  all  HCG- 
treated  animals,  their  size  and  incidence  not  being  influenced  by  DES 
administration. 


*  .\.P.L.®  brand  of  chorionic  gonadotropin,  .4j'erst  Laboratories  Incorporated,  New 
York. 
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Table  1.  Effects  of  human  chorionic  gonadotropin  and  pregnant  mares’  serum 

GONADOTROPIN  ON  THE  OVARIES  OF  THE  HYPOPHYSECTOMIZED  IMMATURE  RAT 


No. 

animals 

Mean 

ovarian  vvt. 
(mg.) 

S.E. 

HCG 

0.4  mg.* 

+  DES  4  mg.* 

5 

21 .2 

1 .7 

HCG 

4.0  mg. 

4-  DES  4  mg. 

22.0 

1 .2 

HCG 

0.4  mg. 

(no  DES) 

7 

11.0 

0.8 

HCG 

4.0  mg. 

(no  DES) 

11 

19.8 

1.3 

HCGt 

4.0  mg. 

+  DES  4  mg. 

4 

20.4 

— 

PMS 

0.4  mg. 

+  DES  4  mg. 

7 

98.2 

25.4 

PMS 

4 .0  mg. 

-j-  DES  4  mg. 

10 

183.9 

11.7 

PMS 

0 . 4  mg. 

(no  DES) 

0 

97.2 

21.9 

PMS 

4.0  mg. 

(no  DES) 

8 

195.0 

14.3 

*  Doses  charted  represent  the  total  dose,  one  (piarter  of  which  was  given  daily  for  4  days 
heginning  immediately  after  hypophysectomy. 

t  This  group  of  animals  was  adrenalectomized  at  the  time  of  hypophysectomy. 


The  effect  of  pregnant  mares’  serum  gonadotropin  (PMS)^  given  to  the 
hypophysectomized  immature  rat  in  a  total  dose  of  0.4  mg.  was  charac¬ 
terized  by  the  occurrence  of  large  cystic  follicles  containing  abundant  pink 
staining  material,  proliferation  of  interstitial  ti.ssue,  hyperplastic  and  com¬ 
pact  stroma,  and  the  formation  of  many  large  corpora  lutea  (25%  of  ovar¬ 
ian  volume).  The  larger  dose  of  PMS  (4  mg.)  produced  an  increase  in 
corpora  lutea  (75%  of  total  ovarian  volume),  a  slight  restriction  in  the  size 
and  incidence  of  cystic  follicles  which  contained  less  pink  staining  material, 
and  a  further  increase  in  ovarian  weight  (Fig.  3  and  Table  1).  The  produc¬ 
tion  of  an  “androgenoid”  effect  by  PMS  was  manifested  by  pyknosis  of 
granulosa  cells  and  a  disintegration  of  ova  which  was  more  pronounced 
with  the  larger  dose.  However,  with  both  doses  of  PMS  intact  ova  occa¬ 
sionally  persisted. 

No  augmentation  of  ovarian  weight  was  produced  by  concurrent  ad¬ 
ministration  of  DES  and  PMS.  (TaVile  1).  However,  the  superimposed  ef¬ 
fect  of  DES  in  PMS-treated  animals  was  evidenced  by  a  slight  suppression 
of  thecal  stimulation,  partial  protection  of  ova  and  granulosa  cells,  a  slight 
restriction  in  .size  of  the  cystic  follicles,  and  reduction  of  the  incidence  of 
corpora  lutea  (Fig.  4). 

The  combinations  of  PMS  and  HCG  used  (Table  3)  produced  more 
corpora  lutea  than  were  observed  when  either  of  the  extrapituitary  gonad¬ 
otropins  was  given  alone.  The  combination  of  HCG  (4  mg.)  and  PMS  (0.4 
mg.)  produced  a  slight  augmentation  of  ovarian  weight  over  the  same  dose 
of  PMS  in  the  DES-treated  animals.  Thecal  luteinization  was  mo.st  ap¬ 
parent  with  this  combination,  but  it  was  also  evident  in  animals  receiving 
HCG-PMS  in  other  amounts  with  and  without  DES.  The  effect  of  DES 
was  clearly  apparent  when  given  with  the  HCG-PMS  combinations;  in- 

*  Equinex®  brand  of  pregnant  mares’  serum  gonadotropin,  Ayerst  Laboratories  In¬ 
corporated,  New  York. 


(Fig.s.  1-S)  Histological  sections  from  ovaries  of  hypophysectomized  immature  rats 
obtained  120  hours  postoperatively,  following  treatment  as  indicated  in  the  captions. 
All  magnifications  90  X ;  accompanying  scale  is  in  mm. 

Fig.  1.  Uninjected  control. 
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i!eed,  under  such  circumstances  partially  luteinized  follicles  (“combination 
lollicles”)  could  be  seen  which  still  contained  healthy  granulosa  cells  and 
intact  ova  (Figs.  8a,  b,  &  c).  Thus  the  powerful  stimulus  to  formation  of 
lollicular  cysts  by  PMS,  the  intense  thecal  luteinization  by  HCG,  and  the 
preservation  of  granulosa  cells  and  ova  by  DES  are  all  manifested  in  these 
peculiar  follicles. 

That  the  unfractionated  anterior  pituitary  gonadotropin  (APG)^  used 
vas  clearly  augmented  by  DES  was  manifested  by  an  increase  in  ovarian 
weight  and  potentiation  of  luteinization  (Table  2)  (Figs.  6,  7).  Increasing 
(loses  of  testosterone  propionate  (T.P.)  (0.004  mg.  through  40  mg.)  given 
io  the  animals  treated  with  both  DES  and  APG  restricted  quantitatively 
ovarian  weight  increase  (Table  2).  Ascending  doses  of  TP  given  to  these 
animals  produced  a  graded  increase  in  follicular  atresia  with  increasing 
-ize  of  cystic  follicles,  atrophy  of  granulosa  cells,  necrosis  of  ova,  and  de¬ 
pression  of  corpora  lutea  formation.  However,  thecal  elements  became 
more  prominent  as  the  dose  of  TP  was  increased  and  with  the  largest  dose 
of  TP  used  (40  mg.)  corpora  lutea  were  present. 

When  the  same  doses  of  APG  with  increasing  amounts  of  TP  were  ad¬ 
ministered  without  DES,  a  more  profound  degenerative  effect  was  appar¬ 
ent  in  the  granulosa  cells  and  ova,  and  no  corpora  lutea  were  formed.  The 
follicles  were  smaller,  and  more  primordial  follicles  were  present  than  in 
the  DES-treated  animals.  The  small  ovarian  weight  increase  induced  by 
the  dose  of  APG  used  was  slightly  depressed  by  all  doses  of  TP  (Table  2). 

*  GonadophySin®  brand  of  desiccated  gonadotropic  factor  of  sheep  anterior  pituitary 
gland,  G.  D.  Searle  and  Coini)any,  Chicago. 


Fig.  2.  DES  4.0  mg.  There  is  cliaracteristic  abundance  of  medium  sized  compact 
follicles  containing  intact  ova.  The  theca  interna  is  thin.  All  follicles  are  in  es.sentially 
the  same  developmental  stage. 

Fig.  3.  PMS  4.0  mg.  alone.  Follicles  are  large  and  cystic  containing  pyknotic  granu¬ 
losa  cells.  The  theca  interna  is  markedly  thickened,  edematous,  and  vascular. 

Fig.  4.  PMS  4.0  mg. -(-DES  4.0  mg.  The  follicles,  though  cystic,  are  somewhat  smaller 
than  in  Fig.  3.  The  ova  and  granulosa  cells  are  well  jireserved. 

Fig.  5.  HCG  4.0  mg.  alone.  Thecal  luteinization  and  abundant  interstitial  tissue  are 
evident.  The  ova  are  generally  necrotic.  The  few  surviving  follicles  appear  slightly  larger 
than  those  in  the  uninjected  control  rats  (Fig.  1). 

Fig.  6.  APG  0.4  mg.  alone.  There  is  progression  of  follicular  development  to  the  early 
cystic  follicle  stage.  No  corpora  lutea  are  present;  the  theca  interna  shows  moderate  vas- 
cularit}’. 

Fig.  7.  APG  0.4  mg. -(-DES  4.0  mg.  Corpora  lutea  are  abundant,  comprising  approx¬ 
imately  S0%  of  ovarian  volume.  The  remaining  follicles  generally  contain  intact  ova. 

Figs.  8a,  b,  and  c.  PMS  0.4  mg. -(-HCG  4.0  mg.-(-DES  4.0  mg.  “Combination  fol¬ 
licles”  representing  thecal  luteinization  in  follicles  which  still  contain  granulosa  cell  ele¬ 
ments  and  ova.  Fig.  8a  demonstrates  premature  thecal  luteinization  in  an  early  c3-stic 
follicle;  Fig.  8b  and  8c  show  follicles  more  completely  luteinized  with  remaining  granu¬ 
losa  cell  elements  and  ovum  in  the  cumulus  oophorous  of  each  follicle. 
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Table  2.  Effects  of  uxfractionated  pituitary  gonadotropin  in  combination  wit  ; 

ESTROGEN,  ANDROGEN,  AND  PROGESTERONE  ON  THE  OVARIES  OF  THT 
HYPOPHYSECTOMIZED  IMMATURE  RAT 


APG 

(mg) 

TP 

(mg.) 

DES  Progesterone 

(mg.)  (mg.) 

No. 

animals 

Mean 
ovarian 
wt.  (mg.) 

S.E. 

0.4* 

_ 

_ 

_ 

5 

17.9 

2.5 

0.4 

— 

4.0 

— 

13 

49.2 

3.1 

0.4 

0.004 

4.0 

— 

9 

36.0 

5.1 

0.4 

0.04 

4.0 

— 

10 

44.0 

3.9 

0.4 

0.4 

4.0 

— 

7 

.55.0 

10.3 

0.4 

4.0 

4.0 

— 

10 

27.7 

2.1 

0.4 

40.0 

4.0 

— 

9 

26.5 

2.8 

0.4 

0.004 

— 

— 

8 

15.1 

1.6 

0.4 

0.04 

— 

— 

10 

16.9 

1.8 

0.4 

0.4 

— 

— 

11 

15.5 

0.8 

0.4 

4.0 

— 

— 

9 

12.2 

0.7 

0.4 

40.0 

— 

— 

9 

15.9 

1.9 

0.4 

— 

4.0 

4.0 

8 

36.0 

2.0 

0.4 

— 

— 

4.0 

9 

14.3 

1.3 

— 

— 

4.0 

— 

17 

28.2 

1.6 

Hypophysectomized  isolated  controls 

11 

9.5 

0.5 

*  Doses  are  charted  as  the  total  dose,  one  quarter  of  which  was  given  daily  for  4  days 
heginning  immediately  after  hypophysectomy. 


Moderate  doses  of  progesterone  (4  mg.)  exhibited  only  a  weak  androgen¬ 
like  effect  (Table  2). 

HCG  given  in  combination  with  APG  induced  a  marked  augmentation 
of  ovarian  weight  which  was  further  increased  by  the  addition  of  DES 
(Table  3).  The  combination  of  all  these  agents  (HCG,  APG,  and  DES) 
caused  the  formation  of  very  large  cystic  follicles,  (the  largest  seen  in  this 
study)  and  abundant  corpora  lutea  (50%  of  ovarian  volume),  but  no  thecal 
luteinization. 

The  combination  HCG  and  APG,  without  augmentation  by  DES,  pro¬ 
duced  a  lesser  gain  in  ovarian  weight  and  smaller  follicles.  Many  of  thesi' 
follicles  were  atretic  and  a  few  of  medium  size  were  cystic.  Corpora  lutea 
were  sparsely  present  (10%  of  ovarian  volume);  the  theca  interna  was 
thicker  and  there  was  evidence  of  thecal  luteinization. 


Table  3.  Effects  of  combinations  of  human  chorionic  gonadotropin,  pregnant 
mares’  serum  gonadotropin,  anterior  pituitary  gonadotropin  and 

ESTROGEN  ON  THE  OVARIES  OF  THE  HYPOPHYSECTOMIZED  IMMATURE  RAT 


HCG 

(mg.) 

PMS 

(mg.) 

APG 

(mg.) 

DES 

(mg.) 

No. 

animals 

Mean 
ovarian 
wt.  (mg.) 

S.E. 

0.4* 

_ 

.4 

4.0 

10 

137.3 

7.4 

0.4 

— 

.4 

— 

9 

81.3 

9.6 

4.0 

0.4 

— 

4.0 

7 

156.0 

24.3 

0.4 

4.0 

— 

4.0 

8 

211.6 

21.7 

4.0 

0.4 

— 

— 

8 

109.7 

14.8 

0.4 

4.0 

— 

— 

8 

213.4 

13.3 

*  Doses  are  charted  as  the  total  dose,  one  quarter  of  which  was  given  daily  for  4  day.- 
beginning  immediately  after  hypophysectomy. 
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DISCUSSION 

The  present  experiments  have  been  concerned  with  the  ovarian  changes 
nduced  in  hypophysectomized  immature  rats  iiy  treatment  begun  im- 
iiiediatel}’  after  removal  of  the  pituitary  gland.  By  this  experimental  de¬ 
sign  the  response  is  influenced  as  little  as  possible  by  post-hypophysectomy 
ttrophy  of  the  ovary. 

Estrogens  stimulate  hyperplasia  of  ovarian  granulosa  cells  and  their 
ecretory  cytoplasm  quantitatively  (Fig.  2)  (1,  2,  3,  4,  9).  Androgens  an- 
I  agonize  this  effect  with  small  doses  inhibiting  growth  and  secretory  ac- 
livity,  while  large  doses  cau.se  rapid  destruction  of  granulosa  cells  and  lib¬ 
eration  of  their  secretions  (5).  On  liberation,  the  material  thus  freed  by  the 
granulosa  cells  appears  to  exert  lytic  activity*  possibly  due  to  a  mucolytic  or 
proteolytic  enzyme.  At  the  time  of  collapse  of  the  membrana  propria  im¬ 
mediately  following  ovulation  this  hypothetical  enzyme  functions  to  clear 
the  follicle  of  debris,  to  loosen  the  membrana  propria,  and  possil  ly  to  stim¬ 
ulate  luteinization  chemically  at  all  points  on  the  periphery  of  the  follicle, 
'file  granulosa  cells  adjacent  to  the  ovum  are  relatively  resistant  to  necrosis. 
However,  if  ovulation  is  delayed,  the  granulosa  cells  comprising  the  corona 
radiata  disintegrate,  exposing  the  ovum  to  a  lytic  influence. 

These  singular  effects  of  estrogen  and  androgen  can  be  shown  to  con¬ 
tribute  to  physiological  ends  in  the  presence  of  pituitary  secretions.  More¬ 
over  corpora  lutea  can  be  experimentally  produced  in  intact  animals  by 
treatment  with  either  estrogen  (10)  or  androgen  (11).  One  may  a.s.sume 
then  that  the  anterior  pituitary  can  regulate  endogenous  production  of 
gonadal  hormones  to  compensate  for  the  administration  of  exogenous 
gonadal  hormones.  One  consequence  of  pituitary  gonadotropic  stimulation 
of  the  ovary  must  be  to  resist  premature  luteinization  (as  is  evident  in  its 
modification  of  HCG  effect)  until  ovulation  has  occurred. 

APG  .stimulation  of  interstitial  tissue  (to  produce  androgen)  and  the 
iheca  interna  (to  produce  estrogen)  also  maintains  these  tissues  in  the 
physiological  state  most  opportune  for  corpus  luteum  formation. 

Anterior  pituitary  gonadotropin  would  appear  to  exert  a  more  balanced 
and  mutually  beneficial  stimulation  of  estrogen  and  androgen  production 
than  either  HCG  or  PMS  through  .stimulation  of  the  thecal  and  inter.stitial 
tissues.  Its  beneficial  action  is  most  conspicuous  in  inhibition  of  premature 
luteinization  as  well  as  in  production  of  follicular  atresia. 

The  potentiation  of  exogenous  APG  by  DES  results  from  the  accelerated 
growth  of  follicles  which  increases  the  incidence  of  follicles  matured  to  the 
maximum  compact  .stage  and  thus  readies  more  follicles  for  luteinization. 
This  effect  is  considerably  modified  by  further  addition  of  androgen  (TP) 
in  various  doses,  the  latter  producing  a  characteristic  “androgenic”  destruc¬ 
tive  effect  on  granulosa  cells,  for  which  estrogen  only  partially  compen¬ 
sates.  The  result  of  these  effects  appears  most  strikingly  after  administra- 
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tion  of  large  doses  of  TP  along  with  APG  and  DES;  these  combination 
provide  limited  luteinization  though  generally  restricting  follicle  size.  With¬ 
out  estrogen,  even  with  strong  gonadotropic  .stimulation,  TP  producer 
m.arked  destruction  of  the  contents  of  the  ovarian  follicles. 

HCG  exerts  a  comparatively  powerful  stimulating  effect  on  ovarian 
interstitial  tissue,  and  this  hyperpla.sia  is  only  partially  blocked  by  large 
doses  of  estrogen.  There  is  reason  to  believe  (as  first  propo.sed  by  DeWii 
and  Paesi,  12)  that  a  powerful  l)ut  .somewhat  unusual  androgenic  effect  re¬ 
sults  from  HCG  stimulation  as  0.4  mg.  of  this  material  produces  a  mon* 
pronounced  effect  than  40  mg.  of  TP.  The  .substance  exhibiting  this  andro¬ 
genic  effect  must  arise  from  the  ovary  as  the  effect  occurs  without  diminu¬ 
tion  after  removal  of  the  adrenal  glands.  The  enormous  overgrowth  of 
interstitial  and  thecal  tissue  provoked  by  HCG  and  the  premature  atrophy 
of  follicles,  somewhat  mitigated  by  DES,  would  attest  to  the  powerful  an¬ 
drogen-like  effect  re.sulting  from  unmodified  HCG  .stimulation.  The  failure 
of  HCG  to  produce  further  ovarian  weight  increa.se  is  apparently  due  to  its 
re.stricting  influence  on  follicular  growth. 

The  effects  of  PMS  on  the  hypophy.sectomized  rat  ovary  appear  similar 
to  those  produced  by  a  combination  of  HCG  and  APG,  characterized  by 
premature  and  over-abundant  thecal  luteinization,  thus  destroying  the 
efficiency  of  luteinization;  con.sequently  the  large  corpora  formed  are  not 
true  ovulatory  corpora  lutea.  The  greatly  increased  weight  of  these  ovaries 
is  largely  the  re.sult  of  “wild”  thecal  luteinization  within  enlarged  cystic 
follicles,  similar  to  the  coml)ined  effects  of  HCG  and  APG.  “Combination 
follicles”  produced  in  the  PMS-DES,  and  more  abundantly  in  the  PMS- 
HCG-DES  animals,  in  which  granulosa  cells,  ova,  and  luteal  cells  appear  in 
the  same  follicle  illu.strate  the  different  factors  operative  and  further  indi¬ 
cate  t  hat  corpora  formed  under  .such  circumstances  are  the  result  of  excessive 
thecal  luteinization  (i.e.,  pseudolutein  bodies).  It  is  of  further  interest 
that  DES  depre.s.se.s  the  incidence  of  corpora  lutea  in  PMS-treated  animals. 

When  estrogen  alone  is  administered  to  the  immature  rat  following  hy- 
pophysectomy  but  prior  to  HCG,  PMS,  or  APG  treatment,  an  augmenta¬ 
tion  of  ovarian  weight  is  produced  as  variou.sly  described  by  Williams  (2  i 
Pencharz  (1)  Simpson,  et  al.  (3)  and  Gaarenstrom  and  de  Jongh  (8).  The 
findings  of  these  investigators  are  apparently  due  to  differences  in  the  ex¬ 
perimental  design  employed.  In  such  studies,  estrogen  alone  was  given  for 
.several  days  following  hypophysectomy  producing  unrestricted  develop¬ 
ment  of  granulosa  cells  within  which  comparatively  large  stores  of  secre¬ 
tions  accumulated.  When  the  animals  were  then  treated  with  .substan¬ 
tial  do.ses  of  either  PMS  or  HCG,  rapid  cy.stic  follicle  development  wa- 
produced,  which  provided  an  abundant  framework  for  the  spread  of  inter¬ 
stitial  and  thecal  luteinization  and  allowed  a  most  impre.ssive  gain  in 
ovarian  weight.  It  is  of  interest  that  APG  is  distinguished  from  HCG  am! 
PMS  by  its  ability  to  produce  augmentation  with  estrogen  immediate!} 
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after  hy pop hy sect omy  as  well  as  when  preceded  by  intensive  estrogen 
treatment. 
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INFLUENCE  OF  THE  17)8-HYDROXYL  GROUP  OF 
ANDROSTANE  COMPOUNDS  IN  PROMOTION  OF 
GROWTH  IN  THE  HYPOPHYSECTOMIZED 
FEMALE  RAT' 

KATHERINE  L.  SYDNOR 

The  Ben  May  Laboratory  for  Cancer  Research,  University  of  Chicago,  Chicago,  Illinois 

ABSTRACT 

Studies  by  Huggins  and  Jensen  (1954)  on  the  participation  of  functional 
groups  of  the  steroid  molecule  in  growth-promoting  processes  have  shown  that 
androstan-17/3-ol,  but  not  androstan-17-one  or  any  of  the  3-monosubstituted 
derivatives,  shared  the  abilitj'  of  testosterone  and  certain  3,17-diox3'genated 
androstane  compounds  to  promote  growth  of  the  vaginal  epithelium  and  uterus 
in  the  hypophysectomized  rat.  Although  these  investigators  suggested  that  the 
17/3-hydroxyl  group  of  the  androstane  molecule  plays  a  key  role  in  the  promo¬ 
tion  of  growth,  there  remains  some  uncertainty  whether  the  monofunctional 
steroid  (androstan-17/3-ol)  is  biologically  active  per  se,  or  whether  an  o.xygen- 
ated  function  at  position  3  is  introduced  in  vivo,  so  that  it  is  actually  a  difunc¬ 
tional  steroid  which  is  the  growth-promoting  agent. 

Since  the  fluorine  atom  at  C3  is  rather  tightly  bound  and  oxygenation  at  this 
site  seems  unlikely,  two  3/3-fluorosteroids,  3/3-fluorandrostan-17/8-ol  and 
3/3-fluorandrostan-17-one,  were  compared  with  androstan-1 7/3-ol  and  with 
testosterone  in  regard  to  their  ability  to  promote  growth  of  accessory  sexual 
tissues  in  the  hypophysectomized  female  rat. 

Observations  based  on  changes  in  weight  indicate  that  the  three  17/8- 
hydroxysteroids  (testosterone,  androstan-1 7/3-ol,  and  3/8-fluorandrostan-17|8- 
ol)  were  highly  active  and  equally  effective  in  promoting  growth  of  uterus  and 
preputial  glands.  Androstan-1 7|3-ol  and  its  3/3-fluorinated  derivative  were 
slightly  but  significantly  less  effective  in  increasing  weight  of  the  vagina.  The 
ketosteroid,  3j8-fluorandrostan-17-one,  had  no  apparent  influence  on  weight  of 
preputial  glands  or  vagina.  daily  dose  of  4  mg.,  but  not  of  1  mg.  of  this 
steroid  caused  a  slight  increase  in  weight  of  the  uterus. 

The  results  of  this  study  not  only  provide  additional  evidence  for  the 
essential  role  of  the  1 7/3-hydroxyl  group  in  growth-promoting  activity  of  com¬ 
pounds  of  the  androstane  series,  but  indicate  that  fluorine  can  replace  a  hydro¬ 
gen  atom  or  hydroxyl  function  at  Cs  without  appreciable  loss  of  biological 
activity. 

Studies  by  Huggins  and  Jen.sen  (1)  on  the  participation  of  individual 
functional  groups  of  the  steroid  molecule  in  growth-promoting  proc¬ 
esses  have  shown  that  androstan-1 7/3-ol  (1),  (Fig.  1),  but  not  androstan- 
17-one  or  any  of  the  3-monosubstituted  derivatives,  shared  the  ability  of 
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testosterone  (II)  and  certain  3,17  dioxygenated  androstane  compounds  to 
promote  growth  of  the  uterus  and  vaginal  epithelium  in  the  hypophysec- 
lomized  rat  (1,  2).  Although  these  and  other  observations  suggest  the 
7/3-hydroxyl  group  of  the  androstane  molecule  plays  a  key  role  in  the 
iiromotion  of  growth  in  these  accessory  sexual  tissues,  there  remains  some 
\incertainty  whether  the  monofunctional  steroid  (1)  is  biologically  active 


Fig.  1 

per  sc,  or  whether  an  oxygenated  function  at  position  3  is  introduced  in 
vivo  so  that  it  is  actually  a  difunctional  steroid  which  is  the  growth-promot¬ 
ing  ageiit. 

With  the  recent  availability  of  3-fluorinated  analogs^  of  steroids  of  the 
androstane  series  (3),  it  has  become  possible  to  investigate  this  question 
further  since  it  seems  likely  that  the  tightly  bound  fluorine  atom  at  posi¬ 
tion  3  would  preclude  oxygenation  at  this  point.  Accordingly,  3/3-fluor- 
andro.stan-17/3-ol  (III),  and  3/3-fluorandrostan-17-one  (IV)  have  been 
compared  with  testosterone  (II)  and  with  androstan-17/3-ol  (I)  in  regard  to 
their  ability  to  influence  growth  in  the  hypophysectomized  assay  rat. 

METHODS 

Weanling  female  rats  from  the  Sprague-Dawley  farms  were  hypophysectomized  at 
24  days  of  age,  housed  in  stainless  steel  cages  in  an  air-conditioned  room  (T.  74±2‘’F.), 

*  The  fluorinated  steroids  used  in  these  studies  were  prepared  by  Doctors  T.  N. 
Jacobsen  and  E.  V,  Jensen  of  this  laboratory. 


324 


SYDNOR 


Volume  6  ? 


and  fed  a  synthetic,  estrogen-free  diet  (4)  ad  libitum.  Beginning  two  weeks  after  hyp<  - 
physectomy,  each  rat  was  given  a  daily  subcutaneous  injection  of  0.1  ml.  of  a  solution 
of  the  test  steroid  in  sesame  oil  or  sesame  oil  alone  (controls)  for  one  week.  In  each  of 
three  experiments  growth  responses  evoked  by  the  administration  of  multi-doses  of 
testosterone  (II)  were  compared  with  those  induced  by  equivalent  doses  of  the  other 
steroids  (I,  III  and  IV)  of  the  androstane  series.  At  necropsy,  performed  one  day  after 
final  injection  of  steroid,  preputial  and  adrenal  glands,  ovaries,  uterus,  vagina,  spleen. 


T.\BI,E  1.  EfKECT  of  .\.\DR0ST.\.NE  COMPOrXDS  ON  TISSl'E  AND  BODY  WEIGHT  OF  THE 
HYPOPHYSECTOMIZED  FEMALE  RAT 


No. 

rate 

Te8t  material 

Preputial  glands 
(mg.) 

M±S.E..M. 

Uterus  (mg.) 
M±S.E.M. 

Vagina  (mg.) 
MlS.E.M. 

A*Body 

weight 

(gm.) 

23 

Sesame  oil 

Aadro6tan>170-ol  (I)t 

15.8±0.52 

16.0±0.69 

18.710.99 

+  1.9 

5 

0.05  niK. 

14.1±0.97 

15.4±1.56 

13.110.64 

+  1.0 

15 

0.25  niR. 

23. 4±  1.59 

22.7±0.92 

21.610.98 

+4.7 

10 

1.0  inK. 

38.2±3.32 

66.5±2.56 

27.912.14 

+4.1 

5 

3^fluorandrostan*17^ul  (III) 

4.0  nig. 

40.9±4.61 

91.0±5.26 

42.813.75 

+7.6 

5 

0.05  niK. 

15.0±1.46 

12.210.32 

15.111.15 

+3.0 

10 

0.25  iiig. 

17. 8±  1.31 

14.611.01 

13.410.90 

+2.0 

9 

1.0  mg. 

35.9±3.42 

62.512.45 

.30.612.64 

+4.0 

5 

3/J-fluorandrostan*17-one  (IV) 

4.0  mg. 

43.4  +  0.33 

79.415.47 

.38.014.76 

— 

5 

0.25  mg. 

18.7±1.62 

15.712.0 

13.611.61 

+6.0 

5 

1 . 0  nig. 

17.8±1.53 

15.210.8 

15.310.88 

+8.0 

5 

Testosterom-  (11) 

4.0  mg. 

20.4±2.55 

21.711.54 

19.211.02 

+5.0 

15 

0.25  mg. 

28.()±2.0 

21.311.15 

23.211.53 

+3.8 

33 

1.0  mg. 

44.8±2.03 

70.613.07 

40.211.85 

+4.1 

5 

4.0 

49.6±3.40 

98.212.46 

44.411.05 

*  ('hange  in  body  weight  during  the  injection  period  of  one  week, 
t  Numerals  in  parentheses  refer  to  Kigure  1. 


kidneys,  thymus  and  heart  of  each  animal  were  excised  and  promptly  weighed  on  a 
torsion  balance. 


RESULTS 

Of  the  different  treatment  group.s  no  consi.stent  difference.s  were  ob.serve  l 
in  the  weights  of  tissues  otlier  than  preputial  glands,  uterus  and  vagina. 
The.se,  together  with  the  mean  change  in  body  weight  which  occurred  dur¬ 
ing  the  injection  period,  are  summarized  in  Table  1. 

The  data  indicate  that  androstan-17/3-ol  and  3|8-fluorandro.stan-17/3-ol 
were  equally  effective  in  promoting  growth  of  preputial  gland.s,  uterus  and 
vagina  of  the  hypophysectomized  female  rat.  The  difference  in  preputial 
gland  and  the  uterine  growth  response  to  these  .steroids  and  to  testosterone 
is  not  highly  significant.  On  the  other  hand,  vaginae  from  testosterone- 
treated  rats  were  significantly  (P  =  0.01)  heavier  than  those  from  animals 
given  androstan-17/3-ol  or  its  3-fluorinated  derivative. 

In  contra.st  to  the  growth-stimulatory  activity  of  the  17(3-hydroxy- 
steroids  (I,  II  and  III)  on  the  accessory  sexual  ti.ssues,  no  increase  in 
weight  of  preputial  glands  or  vagina  occurred  in  rats  given  3/3-fluorandro- 
stan-17-one.  A  slight  but  significant  (P  =  0.02)  increase  in  weight  of  the 
uterus  occurred  in  rats  given  4  mg.,  but  not  in  tho.se  given  1  mg.  of  this 
steroid  (IV)  per  day.  These  results  are  in  agreement  with  those  reported 
from  this  laboratory  (1)  for  androstan-17-one. 
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The  average  gain  in  l)0(ly  weight  during  the  injection  period  was  never 
less  than  4  gm.  in  rats  given  1  mg.  or  more  of  steroid.  The  mean  weight  gain 
for  animals  given  sesame  oil  (controls)  was  1.8  gm.  These  preliminary  ob¬ 
servations,  particularly  those  concerned  with  weight  gain  in  rats  given 
3/3-fluorandrostan-17-one,  a  .steroid  with  negligible  effects  on  growth  of 
secondary  sexual  tissues,  sugge.st  that  certain  C19  steroids  may  be  anabolic 
in  the  hypophy.sectomized  female  rat.  Further  studies  on  the  influence  of 
the.se  compounds  on  somatic  growth  are  now  in  progress. 

DISCUSSION' 

Comparative  studies  on  the  biological  activity  of  17-ketone  .steroids  and 
of  their  17/3-hydroxy  derivatives  have  demonstrated  that  17-keto.steroids 
are  less  active.  Well-known  examples  of  this  phenomenon  are  the  following 
pairs  of  compounds:  testosterone  and  4-androstene-3,17-dione;  androstan- 
17/3-ol-3-one  and  androstane-3,17  dione  (2) ;  and  estradiol-3, 17/3  and  estrone 
(o).  The  re.sults  pre.sented  in  this  report  are  in  harmony  with  this  general 
observation. 

The  ob.servation  that  both  3-desoxy  and  3-fluorinated  steroids  of  the 
androstane  series  which  possess  a  17/3-hydroxyl  group  are  equally  effective 
in  promoting  growth  has  implications  of  fundamental  importance.  Al¬ 
though  aware  of  the  critical  role  of  the  17  /3-hydroxyl  group  of  the  andro¬ 
stane  molecule  in  growth-promoting  activity,  Huggins  and  Jensen  (1)  con- 
.sidered  the  possibility  that  biological  activity  of  certain  monofunctional 
compounds  of  the  androstane  series  might  be  due  to  their  conversion  in  vivo 
to  difunctional  compounds  with  an  oxygen  function  at  position  C3.  Ina.s- 
much  as  the  firm  carbon-fluorine  linkage  (3)  would  preclude  oxygenation 
at  this  site,  this  po.s.sibility  seems  unlikely.  Available  evidence  indicates 
that  a  hydroxyl  group  oriented  in  the  17/3  position  of  the  androstane  mole¬ 
cule  plays  the  key  role  in  growth-promoting  activity  of  these  .steroids. 
Fluorine  can  replace  a  hydrogen  atom  or  oxygen  function  at  position  C3 
without  lo.ss  of  biological  activity. 
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ABSTRACT 

It  has  long  been  known  that  technical  DDD  produces  adrenal  cortical  atro¬ 
phy,  but  the  actual  active  agent  has  not  been  isolated.  To  isolate  this  agent, 
technical  DDD  was  fractionated  by  recrystallization,  oxidation,  column  chro¬ 
matography,  and  chemical  and  physical  analysis  into  several  fractions.  Most 
of  the  material  (83%)  was  p,p'-DD,  10%  was  o,p'-DDD,  and  the  remainder 
consisted  of  unidentified  materials. 

The  commercially  available  in.secticide  dichloro-diphenyl-dicliloro- 
ethane  (DDD),  the  principal  constituent  of  which  is  l,l-dichloro-2,2- 
l)is(parachlorophenyl)ethane  (p,p-DDD),  has  been  de.scribed  as  an  adreno- 
corticolytic  agent.  This  drug  cau.ses  exten.siv'e  necrosis  and  atrophy  of  the 
adrenal  cortex  in  dogs  (2,  3).  The  adrenocorticolytic  property  of  the  com¬ 
pound  has  been  utilized  in  the  study  of  the  biochemistry  and  physiology 
of  the  adrenal  cortex,  and  has  been  used  in  experimental  therapy  in  hyper- 
adrenalism.  The  atrophy  produced  by  DDD  has  been  confirmed  in  many 
laboratories  most  of  which  have  failed  to  make  any  mention  of  the  purity 
of  the  compound  used.  Since  the  insecticide  contains  a  mixture  of  con¬ 
stituents,  it  is  not  .safe  to  make  the  usual  a.s.sumption  that  p,p-DDD  is  the 
active  agent.  Brown  (1)  noted  that  variation  in  time  and  dosage  was  re¬ 
quired  to  produce  equal  effects  with  two  different  lots  of  DDD. 

Recent  evidence  has  also  been  presented  to  show  that  the  active  agent 
may  be  a  contaminant  of  the  technical  product  (6).  This  could  easily  ex¬ 
plain  the  wide  diversity  of  activity  reported  by  various  laboratories.  This 
paper  and  the  following  paper  present  the  methods  of  fractionation  of  tech¬ 
nical  DDD^  and  the  biological  testing  of  these  fractions  for  adreno¬ 
corticolytic  activity. 
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METHODS 

1.  Fractionation  Methods 

Six  hundred  grams  of  technical  DDD  were  dissolved  in  one  liter  of  95%  ethanol  with 
heat.  Extraneous  materials  were  removed  by  filtering  the  hot  solution  through  a  Buchner 
funnel  with  suction.  On  cooling  the  filtrate  to  room  temperature  crystallization  occurred 
and  after  two  or  three  days  the  material  was  collected  b}'  filtration  on  a  Buchner  funnel, 
and  washed  once  with  200  ml  of  ice  cold  95%  ethanol.  Four  hundred  grams  of  p,p-DDD 
(64%  yield)  were  obtained.  Evaporation  of  the  ethanolic  filtrate  in  a  water  bath  at 
55°  C  in  a  stream  of  dry  air  yielded  143  grams  of  a  viscous  yellow  oil  (Oil- A). 

Oil-.\  was  subjected  to  further  fractionation.  Acidic  components  were  obtained  by 
extracting  the  oil  in  an  ether  solution  with  dilute  sodium  hj'droxide.  The  acid  material 
was  recovered  by  reacidifying  the  aqueous  phase  and  ree.xtracting  with  ether.  On  evapo¬ 
ration  of  the  solvent  a  small  amount  of  material,  0.2%  of  the  original  weight  of  technical 
DDD  was  obtained.  The  neutral  oils  from  this  partitioning  were  taken  up  in  a  minimum 
amount  of  iso-octane  and  adsorbed  on  a  column  of  activated  alumina  (Woelm)  2.5  cm 
by  15  cm.  The  column  was  eluted  with  200  ml.  each  of  iso-octane,  carbon  tetrachloride, 
and  acetone.  Each  eluate  was  collected  separately  and  the  solvents  were  evaporated. 
The  first  two  fractions  yielded  a  white  amorphous  residue  which  could  be  recrystallized 
from  methanol.  The  substance  melted  in  the  range  of  49-70°  C.  The  material  recovered 
from  the  third  eluate  was  a  dark  viscous  oil. 

On  long  standing  oil-A  developed  a  crystalline  precipitate.  In  order  to  recover  this 
material,  the  oil  was  taken  up  in  twice  its  volume  of  iso-octane  and  allowed  to  recrystal¬ 
lize  at  5°  C.  Sixty-five  grams  of  a  white  solid  (Solid-B)  melting  in  the  range  of  54-68°  C 
were  recovered.  Upon  evaporation  of  the  filtrate  a  viscous  yellow  oil  (Oil-C)  was  ob¬ 
tained. 

It  now  became  necessary  to  characterize  the  components  obtained  upon  separation. 
It  is  known  (7)  that  the  p,p'  and  o,p'-isomers  of  DDD  may  be  separated  by  selective 
dehydrohalogehation  of  the  p,p'material.  The  olefin  resulting  may  then  be  oxidized  to 
p,p'-dichlorobenzophenone.  This  degradation  product  is  then  separated  from  the  o,p'- 
DDD  by  chromatography.  Using  a  more  vigorous  dehydrohalogenation  procedure  the 
isolated  o,p'-DDD  is  converted  to  its  olefin  and  finally  oxidized  to  o,p'-dichlorobenzo- 
phenone.  The  two  isomeric  oxidation  products  possess  an  80°  C  difference  in  their  melt¬ 
ing  points.  Thus  this  procedure  permits  the  isolation  of  the  two  isomers  and  their  iden¬ 
tification. 

An  aliquot  of  7.0  gm.  of  each  of  the  crystalline  fractions  was  dissolved  in  120  ml  of 
95%  ethanol  and  80  ml  of  1.1/  alcoholic  NaOH  was  added.  The  mixture  was  stirred  30 
minutes  at  20°  C  and  4  ml.  of  concentrated  HNO3  in  50  ml.  of  water  was  added.  The 
ethanol  was  removed  by  vacuum  distillation  and  the  residual  material  was  diluted  with 
water  and  extracted  with  ether.  The  ether  was  washed  free  of  acid,  dried  with  Na2S04, 
filtered  through  cotton,  and  evaporated.  The  residue  was  taken  up  in  20  ml.  of  glacial 
acetic  acid.  A  violent  oxidation  was  induced  by  the  addition  of  4.8  gm.  of  solid  chromium 
trioxide  over  a  one  hour  period.  Heat  was  then  gently  applied  and  the  material  was  re¬ 
fluxed  for  one  hour.  The  reaction  products  were  diluted  with  water  and  extracted  three 
times  with  ether.  The  ether  extract  was  washed  free  of  acid,  dried,  evaporated  and  the 
residue  was  taken  up  in  reagent  grade  petroleum  ether  (b.p.  60-70°  C).  The  solution 
was  transferred  to  a  column  of  activated  alumina  1X20  cm.  and  the  products  were 
eluted  with  175  ml.  of  petroleum  ether  followed  by  100  ml.  of  carbon  tetrachloride.  The 
two  eluates  were  collected  separately  and  evaporated  to  dryness.  The  first  eluate  con¬ 
tained  relatively  pure,  o,p'-DDD.  The  second  eluate  contained  the  degradation  product 
p,p'-dichlorobenzophenone.  On  recrystallization  from  methanol  the  melting  points  of 
the  two  materials  agreed  with  those  reported  in  the  literature  (8). 
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Further  confirmation  that  the  material  present  in  the  petroleum  ether  eluate  of  the 
fractions  studied  was  o,p'-DDD  was  obtained  by  dehydrohalogenation  of  the  compound 
with  alcoholic  KOH  at  reflux  temperature,  extraction  of  the  product,  followed  by  chro¬ 
mium  trioxide  oxidation  as  described  above.  The  resulting  compound  had  the  melting 
point  of  o,p'-dichlorobenzophenone. 

Large  amounts  of  p,p'-DI)D  may  be  readily  obtained  by  recrystallization  of  techni¬ 
cal  DDD  from  95%  ethanol.  However,  the  preparation  of  o,p'-DI)D  in  authenti( 
.samples  large  enough  for  biological  testing  is  more  difficult.  Cristol  and  Haller  (7i 
describe  the  synthesis  of  this  comi)ound  with  a  yield  of  about  2%.  This  method  was  not 
feasible  for  large  amounts  of  material  and  the  scheme  of  chromatography  described 
above  was  used  since  yields  of  7-10%  could  be  routinely  obtained. 

It  was  possible  to  examine  the  purity  of  the  compounds  obtained  by  absorption 
spectra,  melting  points,  and  other  selected  means.  The  various  components  could  be 
chromatographed  on  paper  in  a  system  partl3’  described  by  Winteringham  (9,  10).  The 
paper  is  impregnated  with  vaseline  as  the  stationarj’  phase  and  85%  ethanol  containing 
2%  ammonium  h.vdroxide  is  used  as  the  mobile  phase.  The  method  to  be  described  below 
was  used  to  locate  separate  materials. 

2.  Colorimetric  Analysis 

It  is  possible  to  determine  DDD  or  its  degradation  products  jjresent  in  urine,  tissues 
and  blood  b.v  a  modification  of  the  colorimetric  method  for  DDT.  The  procedure  involves 
extraction  of  the  material,  column  chromatograplu'  to  remove  interfering  components, 
nitration,  and  isolation  of  the  nitrated  products  followed  b\’  color  development.  Details 
of  the  method  follow: 

An  aliquot  of  the  biological  material  was  ground  with  the  aid  of  Na2S04  and  trans¬ 
ferred  to  a  stoppered  bottle,  50  ml.  of  carbon  tetrachloride  was  added,  and  the  bottle 
shaken  at  100  RPM  for  2  hours.  The  carbon  tetrachloride  extract  was  filtered  through 
a  fast  flow  filter  paper,  the  paper  was  washed  with  more  solvent  to  assure  a  quantitative 
transfer,  and  the  solvent  was  then  evaporated.  When  a  small  amount  of  the  solvent 
remained,  it  was  quantitatively  transferred  to  a  22X175  mm.  test  tube  and  the  evapo¬ 
ration  was  continued  to  drvness. 

If  the  residue  weights  were  of  the  order  of  100  mg.  or  less,  the  samples  were  then 
nitrated  directlj’.  However,  greater  residue  weights  were  indicative  of  excess  fatt.v 
material  which  would  interfere  with  the  nitration.  In  this  latter  case,  the  dr\’  samples 
were  taken  up  in  a  few  milliliters  of  carbon  tetrachloride  and  transferred  to  a  2.5X20 
cm.  column  packed  with  celite  impregnated  with  concentrated  sulfuric  acid  (13).  The 
column  was  eluted  with  150  ml.  of  carbon  tetrachloride.  The  eluate  was  evaporate<l 
almost  to  drvness,  transferred  quantitativelv  to  test  tubes  and  then  evaporated  to  com¬ 
plete  dr3ness. 

The  tubes  containing  the  residues  were  placed  in  cold  water  and  5  ml.  of  a  1  : 1  mix¬ 
ture  of  fuming  nitric  acid  and  concentrated  sulfuric  acid  was  added.  The  tubes  were 
transferred  to  a  boiling  water  bath  for  one  hour  and  were  then  placed  in  cold  water  and 
5  ml.  of  ice  cold  water  were  then  added  slowl3-  to  each  tube.  The  tubes  were  stoppered 
after  the  addition  of  5  ml.  of  benzene,  shaken  vigorousl3’,  and  the  phases  were  allowed 
to  separate.  The  aqueous  phase  was  removed  b3'  aspiration  using  a  glass  tube  drawn  to 
a  fine  tip.  The  benzene  la3'er  was  washed  three  times  with  3%  aqueous  NaOH,  the  alkali 
wash  being  removed  each  time  b3-  aspiration.  Na2S04  was  then  added  to  dry  the  benzene 
extract.  This  step  is  critical  since  traces  of  water  will  cause  fading  in  the  color  develop¬ 
ment  stage. 

To  a  2  ml.  aliquot  of  the  benzene  was  added  4  ml.  of  10.0  +  0.1%  sodium  methylate 
(made  in  absolute  methanol).  The  color  develops  to  a  maximum  in  about  15  minutes. 
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]r,p'-DDI)  gives  a  blue  color  with  this  reagent  with  a  maximum  absorption  at  595  milli- 
I  licrons.  The  olefinic  degradation  product  of  DDD  which  occurs  in  tissue  reacts  in  the 
':ime  test  with  an  absorption  maximum  at  530  millimicrons.  Knudson  (14)  and  Williams 
1 5)  have  described  simultaneous  equations  for  calculating  the  quantity  of  each  present 
n  a  given  sample.  The  method  is  very  sensitive  and  as  little  as  3  micrograms  can  be 
lietermined  routinely. 

This  colorimetric  method  was  utilized  in  the  characterization  of  technical  1)1)1)  frac- 
lons,  the  spectrum  of  the  colored  complex  indicating  differences  which  in  the  ca.se  of 
'lie  p,p'  and  o,p'-I)I)I)  isomers  were  not  detectable  by  ultraviolet  absorption.  The 
aethod  can  be  applied  to  eluates  from  columns,  to  fat  samples,  to  fluids  of  the  body, 
nd  to  paper  chromatography.  In  the  latter  instance,  the  paper  is  cut  into  one  inch 
-quares,  each  square  is  eluted  with  acetone,  and  analysis  is  performed  as  described. 
Accurate  localization  of  each  spot  with  fair  quantitativeness  can  be  obtained. 

OBSERVATIONS  AND  RESULTS 

The  technical  DDD  wa.s  a  cream  colored,  amorphous  material  which 
adhered  easily  and  became  lumpy.  It  had  no  definite  melting  point,  prob¬ 
ably  because  of  contaminants.  The  setting  point  was  86°  C.  Upon  crystal¬ 
lization  from  95%  ethanol,  p,p'-DDD  was  obtained.  The  compound  was 
a  white,  cry.stalline  material  with  a  definite  melting  point  of  105-106°  C. 
The  material  recov'ered  from  the  supernatant  after  removal  of  the  p,p'- 
DDD  was  a  heavy  viscous  oil  (Oil-A).  The  melting  point  of  the  crystalline 
material  compared  favorably  with  the  melting  point  of  an  authentic  sam¬ 
ple  of  p,p'-DDD  (105°  C).^ 

When  an  ether  solution  of  Oil-A  was  extracted  with  dilute  sodium  hy¬ 
droxide,  0.2%  of  the  original  weight  of  the  technical  DDD  was  obtained 
as  acidic  components.  This  material  was  a  semi-adhesive  solid.  The  neutral 
oil  portion  of  Oil-A  remaining  after  extraction  of  the  acidic  components  was 
chromatographed  as  described  earlier.  Fraction  I  eluted  from  the  column 
with  iso-octane  consisted  of  1 1.9%  of  the  original  material  and  was  a  white, 
sticky,  amorphous  .substance.  When  this  fraction  was  recrystallized  from 
methanol  a  white  crystalline  material  melting  at  49-69°  C  was  obtained. 

Fraction  II  was  eluted  with  carbon  tetrachloride  and  consisted  of  a  ma¬ 
terial  visually  similar  to  Fraction  I  but  in  smaller  yield  (3.4%)  and  on  re¬ 
crystallization  gave  a  white  solid  which  melted  at  51-68°  C.  Fraction  III 
yielded  0.9%  of  a  brown  to  black  heavy  oil.  The  fractionation  scheme  and 
the  results  are  summarized  in  Table  1. 

A  second  batch  of  Oil-A  was  taken  up  in  iso-octane  and  allowed  to 
crystallize  slowly  at  5°  C.  A  yield  of  10.7%  of  a  white  solid  (Solid-B)  melt¬ 
ing  at  54-68°  C  was  obtained.  This  was  approximately  one-half  the  starting 
batch  size.  The  balance  of  the  material  wms  recovered  as  a  viscous  yellow 
oil  (Oil-C)  similar  in  appearance  to  Oil-A. 

When  the  crystalline  fractions  obtained  by  both  procedures  were  sub¬ 
jected  to  mild  dehydrohalogenation  followed  by  oxidation  and  chroma¬ 
tography,  o,p'-DDD  (m.p.  74-76°  C)  and  p,p'-dichlorobenzophenone 
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Table  1.  A  flow  sheet  depicting  the  fractionation  of  technical 

DDl)  INTO  VARIOUS  COMPONENTS 

FRACTIONATION  OF  TECHNICAL  DDD 

Technical  ODD 

!  95%  ethanol 

recrystallization 


(m.p.  145-146°  C)  were  obtained.  An  authentic  sample  of  o,p'-DDI) 
melted  at  75°  C  and  an  authentic  sample  of  p,p'-dichlorobenzophenone 
melted  at  146°  C. 

These  results  indicated  that  the  crystalline  fractions  were  composed  of 
approximately  20%  p,p'-DDD  and  80%  o,p'-DDD.  The  o,p'-isomer  was 
subjected  to  a  more  vigorous  dehydrohalogenation  and  o,p'-dichloroben- 
zophenone  (m.p.  64-65°  C)  was  obtained.  An  authentic  sample  of  o,p'- 
dichlorobenzophenone  melted  at  65°  C.  This  established  the  character  of 
the  crystalline  material  and  proved  that  after  chemical  degradation  of 
other  components,  the  o,p'-DDD  could  be  isolated  by  chromatography. 
Since  pure  p,p'-DDD  could  be  obtained  on  crystallization  of  the  technical 
DDD,  effective  isolation  of  the  two  isomers  was  possible. 

Further  characterization  of  the  various  components  of  technical  DDD 
w'as  attempted  by  examination  of  the  absorption  spectra  at  various  wave¬ 
lengths  (Fig.  1,  2,  3).  In  the  visible  region  it  was  necessary  to  examine  the 
spectra  following  color  development.  Both  the  ultraviolet  and  the  visible 
spectra  confirmed  the  finding  that  Solid-B,  Fraction  I  and  Fraction  II 
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Fig.  1.  The  ultraviolet  adsorption  spectra  of  components  of  technical  DDD  as 
recorded  on  a  DK-2  recording  spectrophotometer.  Curve  1  represents  the  absorption  of 
the  acidic  components,  and  of  Oil-B;  Curve  2,  the  technical  material,  p,p'-DDD  and 
o,p'-DDD;  curve  3,  a  breakdown  product  of  DDD;  and  curve  4,  the  absorption  spec¬ 
trum  of  dichlorobenzophenone. 


Fig.  2.  The  visible  absorption  curves  for  technical  DDD  following  color  development 
as  recorded  on  the  Beckman  DK-2  recording  spectrophotometer.  Curve  1  was  obtained  on 
acidic  and  oil-B  components;  Curve  2  on  the  o,p'-DDD;  Curve  3  on  a  degradation 
product  of  DDD;  and  Curve  4  on  p,p'-DDD. 
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were  similar  materials  and  contained  primarily  o,p'-DDD.  The  spectra  ii 
the  visible  region  were  more  efficient  for  the  detection  of  the  o,p'-isomei 
than  was  the  ultraviolet  spectrum.  The  infrared  spectra  has  several  in¬ 
teresting  characteristics.  The  bands  defined  by  the  arrows  merit  special 
discussion.  Arrows  1  and  3  point  out  bands  which  are  present  in  the  techni¬ 
cal  material  and  are  not  present  in  the  purified  material.  Bands  2,  4,  and  5 


Fig.  3.  The  infra-red  spectra  of  various  components  of  technical  DDD  as  recorded 
on  a  Perkin-Elmer  Recording  Infra-red  Spectrophotometer.  Points  of  interest  are  num¬ 
bered  in  the  chart  and  discussed  in  the  text. 


are  characteristic  of  the  o,p'-DDD  and  are  also  present  in  Solid-B.  How¬ 
ever,  since  they  are  not  pre.sent  in  the  p,p'-DDD,  the  relative  purity  of  this 
material  is  indicated.  Band  6  is  characteristic  of  the  p,p'-DDD  and  is  not 
present  in  the  o,p'-DDD.  It  should  be  noted  that  the  spectra  of  the  mix¬ 
ture  of  o,p'  and  p,p'-DDD  (Solid-B)  is  e.ssentially  a  composite  of  the 
spectra  of  each  of  these  isomers. 

The  ab.sorbancy  index  of  technical  and  pure  p,p'-DDD  were  also  com¬ 
pared  at  595  millimicrons.  This  provided  a  mea.sure  of  the  amount  of  p,p'- 
DDD  in  the  technical  material.  About  83%  of  this  material  is  the  p,p'- 
isomer.  The  standard  curves  for  the  colorimetric  procedure  demonstrate 
the  Beer’s  Law  relationship.  The  sensitivity  is  about  3  ng.  ±1. 

Limited  paper  chromatography  with  the  vaseline,  ethanol  system  indi¬ 
cated  that  Solid-B,  Fraction  I,  and  Fraction  II  contained  similar  materials. 
However,  the  o,p'  and  the  p,p'-isomers  could  not  be  .separated.  Chroma¬ 
tography  of  pure  samples  of  o,p'  and  p,p'-DDD  gave  only  one  spot  on  the 
chromatogram  indicating  relative  purity  of  the  preparation.  In  contrast 
the  technical  compound  gave  three  spots,  two  of  which  could  not  be  identi¬ 
fied.  To  determine  location  of  materials  the  developed  chromatograms 
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were  cut  into  one  inch  squares,  eluted  with  acetone,  and  the  colorimetric 
p  ocedure  described  earlier  was  utilized. 

It  may  be  mentioned  in  passing  that  the  use  of  celite-sulfuric  acid  col¬ 
li  nn  for  chromatography  of  impure  materials  resulted  in  much  better  sep- 
a  ation  than  the  alumina  columns  which  have  been  mentioned  in  the  litera¬ 
ture.  With  the  acid  column  it  was  possible  to  obtain  quantitative  separa- 
t  on  of  DDD  and  the  degradation  product  dichlorobenzophenone. 

The  following  paper  will  discuss  methods  of  testing  each  fraction  and 
give  the  evidence  for  the  final  isolation  of  the  active  adrenocorticolytic 
aitent. 
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ABSTRACT 

Pure  p,p'-DDD,  technical  DDD,  and  various  fractions  isolated  from  the 
technical  compound  were  compared  in  effectiveness  as  adrenocorticolj’tic 
agents. 

Each  of  the  fractions  was  tested  by  a  four-da}'  oral  administration  in  normal 
dogs.  Active  fractions  were  obtained  which  were  effective  at  doses  of  4  mg. /kg. 

day.  The  fractions  were  assayed  by  the  effect  on  the  eosinophil  response  of  the 
dog  following  ACTH  administration,  and  by  the  excretion  of  17-h3’droxycorti- 
coids  in  dogs  fed  the  desired  fraction.  Further  evidence  was  secured  by 
observation  of  the  physical  condition  of  treated  dogs  and  b}'  histological  exam¬ 
ination  of  the  adrenal  glands  at  autopsy. 

Conclusive  evidence  that  p,p'-DDD  is  ineffective  as  an  adrenocorticolytic 
agent  was  obtained.  The  technical  material  was  active  in  producing  adrenal  cor¬ 
tical  atrophy  in  about  three  weeks  while  the  pure  p,p'-DDD  was  ineffective 
after  10  weeks.  Systematic  fractionation  of  technical  DDD  and  biological  eval¬ 
uation  of  each  fraction  led  to  the  isolation  of  a  strongly  active  component.  This 
material  possessed  the  same  chemical  and  physical  properties  reported  in  the 
literature  for  o,p'-DDD. 

By  COMBINING  chemical  reaction,  column  chromatography,  and 
recrystallization,  it  has  been  possible  to  separate  technical  DDD’ 
into  several  fractions.  This  has  been  discussed  in  detail  in  the  previous 
paper  (1).  The  major  fractions  obtained  were  p,p'  and  o,p'-DDD.  Several 
other  minor  fractions  were  also  obtained. 

Each  fraction  was  tested  in  dogs  for  adrenocorticolytic  activity.  By  this 
means  it  was  possible  to  isolate  the  active  agent.  This  paper  discusses  the 
method  of  testing,  the  physiological  responses  obtained,  and  the  functional 
implications  of  the  results. 
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^  METHODS 

Healthy,  male  dogs  from  the  Emory  Universitj'  kennels  were  used  in  all  experiments. 
T!  e  animals  were  kept  in  individual  metabolism  cages  in  an  air  conditioned  animal  room 
ai  1  fed  a  commercial  diet  in  sufficient  quantity  to  maintain  a  slight  weight  gain.  Several 
I  d;i 's  of  adjustment  intervened  between  the  time  the  dogs  were  brought  into  the  labo¬ 
ratory  and  the  time  they  were  placed  on  the  experiment.  During  this  time  the  dogs  were 
ti  ined  to  lie  quietly  on  the  table  for  catheterization  and  were  closely  observed  for  any 
sii  us  of  illness.  Venipunctures  were  performed  during  this  period  to  accustom  the  dogs 
t(i  the  technique.  .\ny  dog  which  responded  to  these  manipulations  with  a  drop  in  eosino- 
pl  ils  was  rejected.  Each  animal  was  also  tested  before  being  placed  on  experiment  by 
til  •  administration  of  40  units  of  ACTH.  failure  of  blood  eosinophils  to  fall  during  this 
?  te>t  was  cause  for  rejection. 

The  testing  method  consisted  of  the  following  steps:  The  dogs  were  catheterized  and 
S  the  bladder  rinsed  at  approximately  the  same  time  of  day  at  the  start  of  each  test  period 
to  eliminate  diurnal  variation.  Four  hours  later  the  urine  was  collected  and  a  blood 
I  sample  was  drawn  by  venipuncture  using  heparin  as  an  anticoagulant  and  then  the 

I  .\(/TH  was  administered.  After  four  hours  the  bladder  was  again  catheterized  and  the 

^  urine  excreted  over  the  four  hour  period  was  collected,  .\nother  blood  sample  was  drawn 

and  both  blood  samples  were  subjected  to  an  eosinophil  count.  The  two  urine  samjrles 
;  were  analyzed  for  adrenal  cortical  steroids. 

;  Each  functional  test  period  was  preceded  by  a  similar  period  in  all  regards  except 
that  the  test  fraction  of  DDD  was  not  administered.  This  was  the  control, 
i  Two  general  test  procedures  were  used.  In  one,  following  a  control  period  the  animals 
j  were  fed  the  desired  material  for  up  to  ten  weeks  or  until  death  with  periodic  tests  of 

!  adrenal  activity.  In  the  second,  the  dogs  were  fed  the  desired  material  for  4  days  follow- 

j  ing  the  control  period  and  the  tests  were  again  made.  This  latter  test  proved  to  be  as 

j  consistent  and  as  accurate  as  the  longer  test  for  measuring  small  degrees  of  damage  to 

I  the  adrenals.  In  every  case,  the  dogs  were  fed  the  desired  material  in  gelatin  capsules  at 

'  the  time  of  the  dailv  feedings. 

The  blood  samples  were  stained  with  phloxine  B  by  the  method  of  Randolph  (2)  and 
counted  in  a  Fuchs-Rosenthal  chamber.  No  value  was  considered  significant  unless  it 
differed  by  more  than  50%  from  the  control.  Since  the  dog  eosinophils  do  not  stain  as 
well  as  the  human  cells,  it  was  necessary  to  modify  the  staining  medium.  Repeated 
observations  led  to  the  conclusion  that  80  mg.  phloxine  B;  20  mg.  rose  bengal;  50  ml.  of 
distilled  water;  and  50  ml.  of  propylene  glycol  made  a  very  satisfactory  stain  (3). 

The  urine  samples  were  analyzed  for  17-hydroxycorticoids  by  the  method  of  Reddy 
I  (4)  as  modified  by  Brown  (5).  This  method  determined  the  free  and  conjugated  steroids. 
No  attempt  was  made  to  fractionate  the  samples. 

The  dogs  were  carefully  observ’ed  during  the  course  of  drug  administration.  The  toxic 
fractions  produced  characteristic  symptoms.  The  dog  became  apathetic,  weak,  unable 
to  stand,  and  his  muscles  appeared  rigid.  The  hair  became  dull  and  frequently  came  out 
in  patches.  The  animal  finally  became  unable  to  stand  and  eat  and  death  insued.  Brown 
(b)  has  demonstrated  that  cortisone  will  completely  reverse  these  symptoms. 

Every  dog  was  autopsied  at  the  conclusion  of  an  experiment.  No  dog  was  used  in 
more  than  one  experiment.  At  autopsy  adrenals  were  removed,  fixed  in  10%  formalin, 
embedded  in  paraffin,  and  sectioned.  They  were  stained  with  eosin  and  hematoxylin. 

RESULTS 

No  information  is  presently  available  on  the  comparative  effects  of  vari¬ 
ous  isomers  of  DDD  as  adrenocorticolytic  drugs.  Because  of  this  deficiency 
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it  was  decided  to  follow  each  step  of  the  isolation  procedure  with  tests  )f 
adrenal  cortical  function. 

The  fractions  isolated  from  the  technical  DDD  together  with  a  summary 
of  their  adrenocorticolytic  action  is  given  in  Table  1.  In  most  cases  the 
components  were  fed  at  a  level  corresponding  to  the  percentage  compo>i- 
tion  in  the  crude  material. 

In  the  first  test,  dogs  were  placed  on  technical  DDD  and  on  the  p,])'- 


Table  1.  Effects  of  fkactioxs  and  components  of  technical 

1)1)1)  ON  DOG  ADRENAL  CORTEX 


^  y 

Dog 

No. 

Material 

prepared 

as 

described* 

Dosage, 
mg. /kg. /day 

Days  on 
treatment 

Physical 

state 

Histologic  adrenal 
cortical  changes 

- 

1 

Tech.  DDD 

80 

18 

Moribund 

Marked  .\trophy 

*  - . 

2 

Tech.  DDD 

80 

28 

Moribund 

Marked  Atrophy 

3 

p,p'-DDD 

80 

29 

Normal 

Normal 

4 

p,p'-DDD 

80 

GO 

Normal 

No  Signiheant  .\trophv 

5 

Tech.  DDD 

80 

22 

Moribund 

Marked  Atrophy 

6 

Oil-A 

80 

20 

Moribund 

Marked  Atrophy 

'  Z " 

7 

Oil-C 

80 

20 

Anorexia 

Slight  Atrophj' 

i  - 

8 

p,p'-DDD 

200 

30 

Normal 

No  Significant  Atrophy 

• 

9 

Tech.  DDD 

200 

15 

•Moribund 

.\trophy 

li: 

10 

Solid- B 

8t) 

25 

Moribund 

Very  ^iarked  .\trophy 

11 

CJontrol 

0 

100 

Normal 

Normal 

12 

.\cidic  Comp. 

4 

15 

Normal 

Normal 

13 

Fraction  1 

35 

15 

Normal 

.\trophy 

14 

Fraction  11 

10 

13 

Anorexia 

Very  Alarked  .\trophv 

15 

Fraction  III 

4 

15 

Normal 

Normal 

10 

o,p  -DDD 

4 

30 

Anorexia 

Atroph}' 

17 

o,p'-DDD 

4 

30 

.\norexia 

.\trophy 

*  See  reference  (1). 


isomer  at  a  level  of  80  mg.  kg.  day.  The  dogs  on  technical  DDD  rapidly 
reached  a  point  where  they  failed  to  respond  to  ACTH  with  a  decrea.se  in 
eosinophils  and  where  the  steroid  excretion  decreased  markedly  (7).  They 
became  moribund  and  died  in  about  3  weeks.  The  dogs  on  the  p,  p'-isomcr 
were  in  good  health  after  60  days  of  continuous  treatment.  They  continued 
to  respond  to  ACTH  with  a  more  than  50%  drop  in  eosinophils  and  willi 
increa.sed  .steroid  excretion.  Hi.stological  examination  of  the  adrenals  of 
dogs  given  technical  DDD  revealed  the  atrophy  characteristic  of  the  com¬ 
pound  (7).  The  dogs  given  p,p'-DDD  were  sacrificed  at  60  days  of  treat¬ 
ment  and  the  adrenals  were  perfectly  normal.  This  line  of  evidence  deti- 
niteh'  excluded  the  p,p'-isomer  as  the  active  agent  and  implicated  the 
contaminants  in  this  role. 

Once  the  p,p'-DDD  was  excluded  as  the  active  agent,  it  became  appai  - 
ent  that  many  fractions  would  have  to  be  te.sted  in  order  to  find  the  actiud 
adrenocorticolytic  drug.  This  would  have  been  impossible  on  long  term 
feeding  experiments  because  of  the  requirement  of  a  minimum  of  3-5  week  s 
to  produce  death  with  an  active  compound  and  manj'  more  weeks  to  prov' 
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liiat  a  compound  was  totally  inactiv'e.  Therefore,  a  new  means  of  testing 
\\as  devised. 

Dogs  were  fed  the  technical  material  and  the  p,p'-  inactive  isomer  of 
DDD.  Each  dog  was  tested  for  the  response  to  ACTH  in  terms  of  circulat- 
i  ig  eosinophils  and  steroid  excretion  before  he  was  placed  on  the  com- 
)!Ound.  After  4  days  of  feeding,  the  tests  were  repeated.  The  data  in  Table  2 
demonstrate  that  the  compounds  which  are  active  cause  reproducible  and 


Table  2.  The  effects  of  various  fractions  of  technical  DDD  on  eosinophil 

RESPONSE  AND  STEROID  EXCRETION  IN  DOGS  FED  THE 
FRACTIONS  FOR  FOUR  AND  FOR  TWENTY  DAYS 


Dog 

No. 

Material 
prepared  as 
described 

Dosage, 
mg. /kg.  day 

ACTH 

res;)oiKse 

%  decrease  in 
eosinophils* 

%  increase  in 
17-()H  corticoids* 

Days  on  treatment 

Dayi 

s  on  treatment 

0 

4  20 

0 

4 

20 

8 

p,p'-DDD 

200 

(52 

57  53 

42 

25 

22 

9 

Technical 

200 

84 

25  2 

(53 

0 

0 

11 

Control 

0 

73 

(53  71 

2(5 

40 

32 

14 

Fraction  II 

10 

(50 

0  0 

30 

0 

0 

IG 

o,p’-DDD 

4 

83 

10  9 

41 

0 

0 

*  Coefficient  of  variation  of  eosinophil  count  —0.0(5. 

*  Coefficient  of  variation  of  17-OH  corticoid  data — 0.15. 


easily  recognizable  changes  in  ACTH  response  after  4  days  and  that  com¬ 
pounds  which  are  inactive  on  long  term  feedings  are  also  inactive  in  the 
4-day  test.  This  method  was  therefore  adopted  as  the  standard  test  method 
for  rapid  screening.  It  should  be  emphasized,  however,  that  all  compounds 
showing  activity  and  most  which  did  not  show  activity  were  also  fed  to 
(logs  on  a  long  term  experiment  so  that  histological  damage  might  be  cor¬ 
related  .with  physiological  evidence  of  functional  damage. 

The  results  are  presented  in  Tables  1  and  2.  It  w’as  immediately  appar¬ 
ent  that  fractions  containing  only  the  p,p'-DDD  were  totally  inactive  and 
that  fractions  containing  o,p'-DDD  were  universally  active.  This  did  not 
exclude  the  possibility  that  other  contaminants  in  lower  concentrations 
than  the  o,p'-isomer  might  be  present  in  very  small  amounts  and  be 
highly  active.  The  possibility  was  partly  excluded  by  preparing  pure 
o,p'-DDD  from  the  technical  material  and  very  carefully  checking  its 
physical  characteristics  to  exclude  in  so  far  as  possible  any  contamination. 
This  isomer  w'as  highly  active  and  produced  massive  necrosis  and  atrophy 
of  the  adrenal  glands  at  a  dose  of  4  mg./kg./daj^  This  is  more  than  twenty 
times  as  active  as  the  technical  product.  Since  the  known  inactive  ma¬ 
terials  total  about  85%  of  the  weight  of  the  technical  material,  it  seems 
apparent  that  the  o,p'  isomer  is  much  more  active  in  the  free  form  than  in 
combination  with  other  similar  materials. 
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The  exact  mechanism  of  action  of  the  drug  is  not  clear.  Some  sugges¬ 
tions  have  been  gained  by  the  analyses  of  adrenal  glands,  fat,  kidney,  and 
liver  for  DDD.  The  results  are  presented  in  Table  3  and  indicate  a  differ¬ 
ence  in  the  distribution  and  storage  of  the  isomers.  It  is  interesting  to  not( 
that  the  o,p'-DDD,  which  is  the  active  product  is  concentrated  at  a  higher 
level  in  the  tissues  analyzed  than  the  p,p'-DDD,  and  that  the  technical 


Table  3.  Storage  of  DDD  ix  tissues 


Compound 

DDD 

Dosage, 
mg./ kg. /day 

Days  on 

PPM  of  DDD 

treatment 

Adrenal.s 

F'at 

Liver 

Kidney 

Technical 

80 

22 

422 

4187 

173 

353 

P.p' 

80 

29 

70 

254 

18 

34 

o,p 

80 

25 

487 

3117 

208 

144 

material  is  stored  in  the  fat  and  adrenals  to  about  the  same  extent  as  the 
o,p'-DDD. 

From  the  results  reported  in  this  paper,  it  is  obvious  that  future  work 
on  the  biological  effects  of  technical  DDD  must  specify  the  type  and  per¬ 
centage  of  isomers  present  in  the  compound.  There  appears  to  be  little 
question  of  the  activity  of  technical  DDD  as  an  adrenocorticolytic  agent. 
However,  the  evidence  appears  clear  that  o,p'-DDD  is  the  active  agent. 
This  isomer  after  several  purifications  by  chemical  and  physical  means 
not  only  retained  its  activity,  but  resulted  in  a  much  more  potent  drug. 

The  4-day  functional  test  was  found  to  be  a  satisfactory  screening 
method.  In  every  case  in  which  an  active  fraction  was  tested,  dogs  failed 
to  respond  to  administered  ACTH  with  the  characteristic  eosinophil  drop 
and  increased  excretion  of  steroids. 

Speculation  on  the  mechanism  of  action  of  the  o,p'-DDD  leads  to  sev¬ 
eral  problems.  One  of  the  most  important  ones  being  the  need  to  determine 
the  site  of  action  of  the  drug.  Certain  possibilities  are  evident:  the  pitui¬ 
tary  may  be  affected  in  synthesis  or  release  of  ACTH,  the  adrenal  may  be 
affected  in  ability  to  respond  to  ACTH,  the  adrenal  may  be  able  to  re- 
.spond  to  ACTH  but  cannot  maintain  the  chain  of  synthetic  processes  nec- 
e.ssary  to  synthesize  the  required  steroids.  Some  of  these  mechanisms  can 
l)e  virtually  eliminated.  It  has  been  demonstrated,  for  example,  that 
ACTH  will  not  increase  the  production  of  steroids  in  animals  treated  with 
technical  DDD.  Adrenal  cortical  atrophy  is  not  prevented  when  ACTH 
is  given  simultaneously  with  DDD  (7).  Further,  DDD  does  not  appear  to 
affect  the  utilization  of  steroids  in  peripheral  tissues  since  dogs  treated  with 
DDD  and  maintained  on  corti.sone  (6)  do  not  develop  symptoms  of  adrenal 
insufficiency. 

The  greater  activity  of  o,p'  as  compared  to  p,p'-DDD  may  possibly  be 
explained  on  the  basis  of  the  differences  in  distribution  and  storage  of  the 
isomers  in  tissues.  Colorimetric  analysis  of  tissues  for  DDD  content  has 
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t;Uo\vn  that  the  o,p'-isomer  is  stored  at  a  significantly  greater  level  than 
the  p,p'-material.  Thus  evidence  of  variation  in  flistrihution  and  storage 
C:  the  isomers  has  been  obtained  in  one  species.  This  ditference  may  also 
c\ist  between  the  species  resulting  in  a  correspondently  different  response 
t>i  o,p'-DDI)  by  the  various  species. 
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ABSTRACT 

The  rat  ovary,  in  its  normal  site  or  implanted  in  a  male  which  was  castrated 
at  birth,  produces  considerable  amounts  of  androgen  if  placed  under  the  influ¬ 
ence  of  the  high  gonadotrophin  levels  established  in  parabiosis  with  a  castrate. 
Cnder  such  conditions  residual  prostatic  tissue  in  females  is  stimulated,  appar¬ 
ently  to  a  maximum,  and  ventral  prostates  of  male  castrates  bearing  an  ovarian 
implant  are  increased  at  least  5  fold  above  the  castrate  level. 

Under  the  above  experimental  conditions  ovaries  display  interstitial  and 
thecal  luteinization  along  with  corpora  lutea  formation.  Extensive  granulosa 
development  eventually  leads  to  granulosa-cell  tumor  formation. 

The  role  of  the  hypophyseal  gonadotrophins  as  well  as  the  ovarian  medullar}' 
elements  in  androgen  production  is  discussed. 

Androgen  production  by  ovaries  is  a  normal  occurrence  in  the 
human  and  in  many  animal  species.  The  yellow  bill  color  of  female 
starlings  during  the  reproductive  season  was  shown  to  be  an  expression  of 
high  androgen  secretion  (1).  Spontaneous  virilization  of  female  mammals  is 
Repeatedly  mentioned  in  the  literature  (2,  3,  4),  although  little  is  known 
about  ambisexuality  of  ovaries  in  normal  rats.  Nevertheless  in  female 
rats  with  prostates,  the  tubules  shrink  after  castration  and  are  restored  to 
normal  condition  or  caused  to  hypertrophy  by  the  injection  of  androgens 
(5).  It  must  be  a.s.sumed  that  a  minimally  effective  amount  of  androgenic 
hormone  is  released  normallj'  by  adult  rat  ovaries. 

The  ovaries  of  various  rodents  have  been  stimulated  to  produce  andro¬ 
gens  in  increased  quantity.  This  was  accomplished  by  ovarial  grafts  in 
male  (6,  7)  and  female  (8)  castrates  as  well  as  by  injections  of  chorionic 
gonadotrophin  (2,  9,  10,  11)  and  of  pregnant  mares’  serum  (9)  in  females. 

In  the  pre.sent  experiments  androgen  production  by  the  rat  ovary  was 
studied  under  the  condition  of  high  gonadotrophin  levels  which  become 
established  in  parabiotic  rats  when  one  member  of  the  pair  is  castrated. 

METHODS 

.\lbino  rats  (Sprague-Dawley)  were  united  in  parabiosis  at  the  age  of  30  days,  accord¬ 
ing  to  the  method  of  Hill  (12).  In  our  stock  about  25%  of  the  females  have  lobes  of  ven¬ 
tral  prostates  (5,  13).  Five  such  females  were  united  with  castrates  (Fig.  1).  In  3  pairs 
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the  castrate  also  had  prostatic  tissue:  (P  9  )  X(P"9’).  In  2  pairs  the  castrate  was  a  male: 
(P9)X(-^).  In  a  second  experimental  group,  males  castrated  at  birth,  by  the  method 
(,  Pfeiffer  (14)  were  united  in  pairs  at  the  age  of  30  days.  At  the  time  of  the  operation 
;.a  ovary  of  a  littermate  was  implanted  into  one  member:  (-^  +  ovary )  X(-^).  Of  this 
(  imbination  (Fig.  6)  16  pairs  were  studied.  All  pairs  were  killed  after  14  to  250  days  of 
j  .iiabiosis  and  the  hypophyses,  adrenals,  and  major  parts  of  the  genital  systems  pre- 
F  rved  for  sections. 


RESULTS 

].  Androgen  production  by  ovaries  of  females  united  with  a  castrate 

The  general  arrangement  of  this  experiment  is  outlined  diagrammatically 
in  Figure  1.  A  constant  supply  of  hypophyseal  gonadotrophins  pass  into 
tlie  intact  co-twin  from  the  castrate,  stimulating  simultaneous  androgen 
and  estrogen  production.  The  response  obviously  becomes  complicated  by 
interactions  with  the  hypophysis  of  the  recipient.  This  accounts  for  the 
clianges  that  occur  with  time. 

In  2  pairs  sacrificed  at  14  dajs  after  union  the  prostatic  tubules  of  the 
intact  females  were  definitely  stimulated  (Fig.  3).  The  ovaries  of  these  fe¬ 
males  contained  numerous  follicles  of  varying  size  and  corpora  lutea. 
Thecal  luteinization  and  the  formation  of  small  groups  of  intenstitial  lutein 
cells  were  other  characteristic  features. 

At  120  daj’S  of  parabiosis,  the  prostates  and  prostatic  tubules  are  further 
enlarged  (Fig.  4).  Apparently  they  have  attained  maximal  size  for  in  the 
fifth  pair,  kept  250  days,  they  only  maintain  about  the  same  condition. 
'Fhe  cells  in  the  prostatic  epithelium  show  light  areas,  indicating  secretory 
activity.  Prostates  of  castrate  co-twins  show  the  same  regression  that  is 
characteristic  for  single  castrates  (Fig.  2).  They  contain  small  acini  lined 
by  non-.secreting  epithelial  cells.  Similarily,  the  accessories  of  castrate  male 
co-twins  are  atrophic. 

In  the  2  pairs  autopsied  120  days  after  union,  the  ovaries  of  the  intact 
females  contained  many  large  follicles  and  cysts,  along  with  various  types 
and  stages  of  lutein  bodies  (Fig.  5).  However,  small  primary  follicles  were 
rare.  The  stores  of  ovocytes  become  depleted  rapidly.  The  granulosa  of 
several  large  follicles  was  actively  proliferating  as  evidenced  by  an  abun¬ 
dance  of  mitotic  figures.  Papillary  infoldings  of  the  granulosa,  probably 
representing  early  stages  of  granulosa  cell  tumor  development,  are  a  com¬ 
mon  occurrence.  These  follicular  projections  were  more  numerous  and 
compact  in  the  ovaries  of  the  female  kept  in  union  250  days.  In  the  latter 
case,  no  corpora  lutea  but  only  strands  of  relatively  small  lutein  cells  were 
found;  they  are  the  remnants  of  the  lutein  bodies  of  the  120  day  stage. 

As  would  be  expected,  the  increased  estrogen  production  in  the  intact 
females  causes  an  enlargement  of  the  hypophyses  and  a  secondary  gain  in 
;idrenal  size  due  to  the  increased  output  of  ACTH.  These  females  first  run 
irregular  estrous  cycles  and  then  pass  into  a  condition  of  constant  e.strus 
with  heavily  cornified  vaginae. 


Fig.  1.  Diagrammatic  representation  of  the  parabiotic  combination  (P9)X(P^). 
Fig.  2.  Section  of  prostatic  lobe  of  a  castrate  female  twin.  The  small  tubules  are  lined 
by  non-secretory  cuboidal  cells.  Hematoxylin  and  Congo  Red.  X108. 
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II.  Androgenic  ejfects  produced  by  an  ovarian  implant  in  one  member  of  para- 
iiotic  pairs  of  male  castrates 

The  combination  usetl  in  this  experiment  is  represented  diagrammati- 
•ally  in  Figure  (i.  Both  animals  of  the  pair  are  males,  castrate  since  birth, 
ind  united  in  parabiosis  at  80  days  of  age.  The  ovary,  implanted  at  the 
time  of  union,  is  sul)jected  to  tlie  same  environment  of  liypopliyseal  hor¬ 
mones  as  in  tlie  intact  female  descril)ed  above.  The  ovarian  responses  to 
these  conditions  are  reflected  in  the  iiistology  of  tlie  sex  accessories  and 
ire  described  below. 

In  2  pairs  out  of  the  16  studied  the  ovaries  failed  to  grow.  Undergoing 
fibrous  degeneration,  they  gave  no  indication  of  estrogen  or  androgen  pro- 
iluction. 

In  Table  1  it  ma}’  be  seen  that  ovarian  implants  stimulate  the  ventral 
prostates  and  .seminal  vesicles  of  the  ho.sts.  Sections  show  some  increa.se  in 
connective  tissue  and  smooth  muscle  of  the  seminal  vesicles,  while  the 
epithelium  usually  changes  from  low  cuboidal  to  stratified  squamous.  In  3 
animals,  (Nos.  10,  11,  12),  in  union  60  days,  the  epithelium  was  of  the 
secretory  type.  Sections  of  ventral  prostates  revealed  large  fluid  filled 
acini,  their  epithelial  cells  exhibiting  the  light  areas  characteristic  for  ac¬ 
tively  .secreting  cells  (lo)  (Figs.  8  and  0).  As  a  contrast  the  pro.state  of  the 
castrate  partner  had  small  tubules  lined  by  solid  cuboidal  cells  (Fig.  7).  In 
the  implanted  member  of  2  pairs,  in  parabiosis  140  and  200  days,  the 
pro.static  epithelium  was  mucified  (Fig.  10):  some  cuboid  cells  still  contain 
typical  light  areas. 

The  transplanted  ovaries  exhibit  a  .series  of  morphologic  changes  with 
time.  By  the  end  of  the  second  week  they  contained  large  numbers  of 
small  follicles  and  considerable  amounts  of  lutein  ti.s.sue.  The  latter  does 
not  have  the  appearance  of  corpora  lutea,  but  forms  small  clusters  of 
lutein  cells  in  inter.stitium  and  thecae  (Fig.  11).  At  21  days,  true  corpora 
lutea  as  well  as  thecal  lutein  bodies  were  pre.sent.  A  predominance  of 
follicular  development  with  rapid  proliferation  of  the  granulosa  cells  be¬ 
comes  evident  after  60  days.  Hear  again,  infoldings  of  the  granulosa  were 
common.  In  2  pairs,  maintained  for  140  and  ‘200  days,  the  ovaries  contained 
no  follicles  or  lutein  ti.s.sue,  but  consi.sted  of  ma.ssive  granulosa  cell  tumors. 

Undoubtedly  the  progression  of  changes  in  the  histology  of  the  sex  ac- 
ce.ssories  is  partly  linked  with  the  changes  in  the  hypophysis  of  the  cas¬ 
trates  with  the  ovarian  implants.  Since  castration  was  performed  at  birth. 

Fig.  3.  Section  of  prostatic  lobe  of  tlie  intact  female  co-twin  having  been  in  parabiosis 
for  14  days.  Hematoxylin  and  Congo  Red.  X108. 

Fig.  4.  Section  of  prostatic  lolie  of  intact  female  after  parabiosis  with  a  castrate  for 
120  days.  Hemato.xylin  and  Congo  Red.  XI OS. 

Fig.  5.  Photomicrograph  showing  the  histology  of  the  ovary  of  a  jirostate  female  co¬ 
twin  of  a  castrate  female  (120  days  of  parabiosis).  Hematoxylin  and  Eosin.  X36. 
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Table  1.  Organ  weights  of  male  castrates  with  implanted  ovary 
+OVARY)  UNITED  WITH  CASTRATE  MALES  (-^) 


Days  in 
union 

Pair 

No. 

Hypophysis, 

mg.' 

Adrenals, 

mg. 

Seminal 

vesicles, 

mg. 

Ventral 

prostate, 

mg. 

Body 

weight, 

gm. 

14 

1 

5.3 

30.5 

2.6 

5.0 

81 

11.6 

37.7 

17.1 

8.0 

131 

2 

5.8 

35.7 

7.7 

5.2 

141 

9.7 

38.6 

19.2 

12.6 

150 

21 

3 

6.5 

38.9 

8.4 

5.4 

136 

9.8 

40.4 

40.6 

18.8 

143 

30 

4 

10.8 

43.7 

12.2 

5.2 

148 

11.4 

45.5 

46.0 

57.0 

150 

5 

9.2 

50.8 

12.8 

11.0 

136 

12.6 

48.5 

49.6 

43.8 

151 

6 

8.0 

44.2 

6.4 

4.8 

126 

11.0 

45.5 

37.4 

19.7 

146 

7 

9.0 

44.7 

4.3 

4.8 

145 

10.4 

54.9 

28.8 

39.3 

161 

8 

10.1 

46.3 

3.6 

4.7 

152 

14.6 

46.7 

:io.8 

20.2 

171 

9 

10.4 

47 .7 

7.4 

7.6 

147 

8.8 

48.8 

44.1 

35.2 

138 

60 

10 

10.6 

63.3 

29 . 1 

4.0 

180 

12.8 

58.4 

63.0 

147.0 

221 

11 

10.8 

51  .5 

8.8 

4.8 

168 

11.3 

56 . 7 

45.6 

44.0 

188 

12 

12.1 

56.8 

17.2 

8.6 

226 

17.2 

56.2 

67.1 

27.7 

215 

140 

13 

12.2 

69.9 

10.4 

9.1 

240 

18.6 

88.8 

77.2 

53.0 

257 

200  . 

14 

8.9 

61.7 

14.8 

8.8 

212 

21  .5 

107.7 

63.0 

37.2 

188 

The  upper  values  in  each  group  are  the  organ  weights  of  the  member  without  the  ovarian 
implant. 


Fig.  7.  Section  of  ventral  prostate  of  the  castrate  twin.  Hematoxylin  and  Eosin. 
X108. 

Fig.  8.  Section  of  ventral  prostate  of  the  castrate  co-twin  of  case  in  Figure  7  with 
ovarian  implant.  30  days  of  parabiosis.  Hematoxylin  and  Eosin.  X108. 

Fig.  9.  Higher  magnification  of  part  of  the  section  portrayed  in  Figure  8  showing  the 
light  areas  in  the  acinar  epithelium.  Hematoxylin  and  Eosin.  X280. 

Fig.  10.  Section  of  mucified  epithelium  in  the  ventral  prostate  of  a  castrate  co-twin 
with  ovarian  implant;  parabiosis  200  days.  Hematoxylin  and  Eosin.  X280. 

Fig.  II.  Section  of  ovary  vhich  resided  for  a  period  of  14  days  in  a  castrate  male, 
co-twin  of  a  castrate  male.  I  tein  cells  are  present  in  the  interstitium  and  theca.  Hema¬ 
toxylin  and  Eo.sin.  X108. 
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their  hypophysis  responds  to  the  hormones  of  the  implanted  ovary  like 
that  of  a  normal  female.  At  the  beginning  it  releases  LH  and  ACTH  in 
response  to  estrogenic  stimulation  from  the  ovarian  implant.  Later  gonado¬ 
trophic  activity  subsides  while  apparently  ACTH  production  still  in¬ 
creases  up  to  the  200th  day.  The  final  tumorous  enlargement  of  the  hy- 
pophy.sis  probably  is  accompanied  by  a  virtual  total  loss  of  gonadotrophin 
release. 


DISCUSSION 

In  single  castrated  males,  implanted  ovaries  fail  to  .stimulate  appreci¬ 
ably  the  seminal  vesicles  and  ventral  prostates  (16).  In  the  pre.sent  experi¬ 
ments  both  series  show  that  in  parabiosis  the  influx  of  hormones  from  the 
castrate  causes  an  increa.se  of  androgen  production  in  intact  females  as 
well  as  in  male  castrates  with  ovarial  implants.  The  effect  is  recognizable 
by  the  growth  and  histologic  development  of  prostates  and  other  accessory 
male  .sex  characters.  It  is  quite  distinct  at  2  weeks,  increases  until  about  8 
months  and  then  persists  at  the  attained  plateau.  Histopathologic  changes 
in  prostates  (Fig.  10)  may  be  linked  with  a  late  decline  in  androgen  output, 
though  excessive  .simultaneous  stimulation  by  estrogens  and  androgens 
seems  a  more  likely  cau.se.  A  similar  response  is  seen  in  human  and  dog 
prostates  after  long  continued  estrogen  and  androgen  administration  (17). 

In  regard  to  sources  of  androgenic  hormones,  two  possibilities  may  lie 
considered:  ovaries  and  adrenals.  The  latter  alternative  involves  the  as¬ 
sumption  that  ovarial  estrogens  stimulate  the  adrenals  via  the  hypothalmic 
and  hypophyseal  .system.  However,  though  adrenal  hypertrophy  is  no¬ 
ticed  after  the  third  month  (Table  1),  male  hormone  production  by  estro¬ 
gen  .stimulated  glands  has  never  been  ol^erved;  nor  can  it  be  assumed  that 
gonadotrophins  of  the  castrate  have  a  supporting  influence.  While  thus  the 
alternative  of  an  appreciable  adrenal  contribution  is  not  sustained  by 
known  facts,  present  observations  on  ovarial  respon.ses  lend  them.selves 
for  another  interpretation. 

Androgen  production  is  maintained  at  an  even  level  after  as  well  as  dur¬ 
ing  the  period  of  corpora  lutea  formation  in  the  ovary.  Therefore,  ovarian 
androgenicity  does  not  originate  in  the  corpora  lutea.  Deanesly  (7)  and 
Hernandez  (8)  came  to  a  similar  view,  both  and  particularly  convincingly 
the  latter,  concluding  that  this  function  pertains  to  interstitial  and  lutein¬ 
ized  theca  cells.  The  above  description  of  ovaries  from  both  experimental 
series  are  in  agreement  with  this  interpretation.  Interstitial  cells  in  clusters, 
..strands,  and  .scattered  small  groups  are  numerous  in  all  ca.ses.  Some  decline 
is  observed  in  the  oldest  pairs  (200  days)  in  which  correspondingly  the 
•  seminal  vesicles  have  become  smaller  and  prostate  histology  shows  changes 
.suggestive  of  prevalence  of  e.strogenic  stimulation  (Fig.  10). 

In  regard  to  nature  and  sources  of  the  gonadotrophins  involved  in  the  char¬ 
acteristic  sequence  of  reactions,  no  complete  picture  can  be  drawn  yet.  The 


larch,  10.58  OVARIAN  AXDROOEXS  IX  PARABIOTIC  RATS 


347 


;  iialysis  becomes  complicated  by  the  gradual  change  in  composition  of  the 
(Varies,  particularly  the  disappearance  of  primary  ovocytes.  However, 

)  lost  investigators  agree  (18,  19,  20)  that  hypophy.sectomy  of  the  partner 
with  ovaries,  prevents  corpora  lutea  formation.  Obviously  the  hormone 
responsible  for  their  appearance  in  the  second  pha.se  of  our  experiments 
(  h’d  to  7th  weeks)  originates  from  the  hypophysis  of  the  carrier  of  the 
ovary.  On  the  other  hand,  interstitial  cell  stimulation  and  androgenicity 
( ontinue  beyond  corpora  lutea  formation,  throughout  the  third  period  (8 
weeks).  This  reaction  is  not  ob.served  in  single  castrated  males  with  ovar- 
i.iii  implants  (K)).  The  conclusion  that  the  gonadotrophins  delivered  bj' 
the  castrate  member  are  respon.sible  is  unavoidable.  However  it  remains 
undecided  whether  the  various  gonadotrophic  effects  may  eventually  be 
reducible  to  qualitative  or  to  merely  (luantitative  differences. 
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THE  ACTION  OF  BOVINE,  PORCINE  AND  SIMIAN 
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ABSTRACT 

Hypophysectomy  in  the  rhesus  monkey  results  in  a  generalized  atrophy  of 
the  costochondral  junction.  The  administration  of  growth  hormone  prepara¬ 
tions  derived  from  monkej'  pituitary  glands  to  hypophysectomized  monkeys 
produced  .striking  proliferative  changes  in  the  costochondral  junction.  In  con¬ 
trast,  growth  hormone  preparations  of  bovine  and  porcine  origin  are  inactive  in 
this  regard.  These  findings  extend  and  strengthen  the  concept  of  species  specific¬ 
ity  with  reference  to  the  action  of  growth  hormone. 

THE  concept  that  the  ineffectivene.s.s  of  Irovine  and  porcine  growth 
hormone  preparations  in  primates  is  attributable  to  species  differences 
in  the  nature  of  the  growth  hormone  molecule  (1,  2)  has  received  .support 
from  recent  studies  in  the  monkej'  (3,  4)  and  in  man  (5)  which  demon¬ 
strated  that  growth  hormone  preparations  of  primate  origin  were  capable 
of  inducing  marked  nitrogen  retention  while  bovine  and  porcine  prepara¬ 
tions  were  physiologically  inert  in  this  regard.  These  experiments,  how¬ 
ever,  were  limited  to  the  study  of  nitrogen  retention  and  other  metabolic 
parameters  and  were  not  designed  to  demonstrate  growth  per  sc.  The 
pre.sent  study  was  undertaken  to  establish  the  influence  of  various  growth 
hormone  preparations  on  growth  processes  in  a  primate  as  determined  by 
morphologic  criteria.  Since  the  supply  of  primate  growth  hormone  is 
severel}'  limited,  a  study  utilizing  accretion  in  body  weight  and  size  as 
evidence  for  growth  stimulation  was  impracticable.  The  costochondral 
junction  in  hypophysectomized  rhesus  monkeys  was  chosen  for  study  be¬ 
cause  this  structure  in  the  rat,  like  the  epiphyseal  cartilage  of  the  tibia,  is 
remarkably  sensitive  to  the  action  of  growth  hormone  (6);  because  it  could 
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he  investigated  without  sacrificing  the  experimental  animals  and  each  ani- 
,iial  could  serve  as  its  owm  control. 

MATERIALS  AND  METHODS 

Sexually  immature  rhesus  monkeys  of  both  sexes  (Macaea  mulatta)  were  hypophy- 
-ectomized  under  pentobarbital  anesthesia  using  the  parapharyngeal  approach.  Follow- 
!ig  the  operation  the  animals  were  placed  on  a  natural  diet  consisting  of  fresh  fruits 
nd  vegetables,  cooked  rice  and  eggs  supplemented  by  raisin  bread  and  Rockland 
monkey  diet.  Fresh  tap  water  as  well  as  10%  glucose  in  water  were  provided  ad  libitum. 
t  he  hypophysectomized  monkeys  were  kept  in  individual  cages  placed  in  an  air  condi¬ 
tioned  room  maintained  between  7S°  and  80°  F. 

In  most  instances,  exj)eriments  were  begun  approximately  3  months  postoperatively. 
The  12th  ribs  on  the  right  side  were  resected  under  aseptic  conditions  and  fixed  in  10% 
iDimalin.  The  ribs  were  decalcified,  embedded  in  paraffin,  sectioned  and  stained  with 
liemato.xylin  and  eosin.  Following  recovery  from  this  operation  (2  weeks)  growth  hor¬ 
mone  administration  (I.M.)  was  begun  at  a  dose  level  of  5  mg.  per  Kg.  per  day  and 
(  ontinued  for  14  days.  On  the  day  following  the  last  injection,  the  12th  rib  on  the  left 
side  was  resected  and  treated  as  before.  The  two  costochondral  junctions  were  then 
compared  microscopically.  In  some  animals,  the  11th  ribs  were  also  used  thus  making 
possible  a  comparison  of  two  hormone  preparations  in  the  same  monkey. 

The  bovine  growth  hormone  preparations  used  were  Armour  lots  #674-40  and  732- 
ISl.  The  porcine  growth  hormone  was  kindly  prepared  by  Dr.  M.  S.  Raben  (7).  The 
monkey  pituitary  growth  hormone  was  prepared  by  Dr.  A.  E.  Wilhelmi  (3).  These  lat¬ 
ter  preparations  were  equipotent  with  the  beef  hormone  as  determined  by  assay  in 
hypophysectomized  rats. 

RESULTS 

Hypophy.sectomy  in  the  rhesus  monkey  results  in  a  generalized  atrophy 
of  the  costochondral  junction  which  closely  resembles  that  described  in  the 
rat  by  Ray  et  al.  (6)  (Figs.  1  and  2).  The  administration  of  purified  beef 
growth  hormone  to  five  hypophysectomized  monkeys  at  a  dose  level  of  5 
ing.  per  Kg.  per  day  for  14  days  failed  to  induce  significant  proliferative 
changes  in  the  junctions,  (Figs.  3a  and  b).  Similar  results  were  obtained 
when  porcine  growth  hormone  was  administered  (5  mg./Kg./day  for  14 
days)  to  one  hypophysectomized  animal,  Figs.  4a  and  b.  This  same  dose 
of  monkey  pituitary  growth  hormone,  administered  to  two  animals  for  the 
same  period  of  time,  however,  effected  a  .striking  stimulation  of  the  costo¬ 
chondral  junction,  with  a  re.sumption  of  near  normal  osteogenic  and  chon- 
drogenic  activity  (Figs.  5a  and  b;  6a  and  b).  One  to  two  months  following 
the  experiments  with  monkey  growth  hormone  in  the  above  two  monkeys, 
the  experiments  were  repeated  with  beef  growth  hormone  u.sing  the  11th 
libs.  It  was  seen  that  in  1-2  months  following  stimulation  with  monkey 
growth  hormone,  the  costochondral  junctions  had  reverted  to  the  hypophy- 
>ectomy  type  and  that  beef  growth  hormone  failed  to  effect  significant 
simulation  of  chondrogene.sis  and  osteogenesis  (Figs,  oc  and  d;  6c  and  d). 

DISCUSSION 

The  differences  in  physiological  activity  of  beef  and  pig  growth  hormone 
preparations  on  the  one  hand  and  monkey  growth  hormone  preparations 
{Text  continued  on  page  354) 


All  the  figures  are  photomicrographs  of  hemotoxylin  and  eosin  stained  sections 
through  the  costochondral  junction  of  the  12th  rib  (except  where  noted)  of  rhesus  mon¬ 
keys,  taken  at  a  magnification  of  SO. 


Fig.  2.  Monkey  hypophysectomized  for  7  mos.  (B.W,  3395  gm.).  Cessation  of  growth 
with  wall  of  hone  between  cartilage  and  marrow. 


Fig.  3a.  Rifjht  rib  of  monkey  hypophysectomized  for  13  months.  (B.W.  2700  Kin.). 
Fig.  3b.  Comparable  area  of  left  rib  of  same  animal  followinK  beef  Kiowth  hormone 
aflministration  for  14  clays  (.\rmour  lot  #074-010,  .5  niK./ kK./ clay).  Note  ab.senee  of 
stimulation. 

Fig.  4a.  RiKht  rib  of  monkey  hypophysec-tomizecl  for  1  month  (B.W.  335.5  Kni.). 
Compare  with  FiKures  2  and  .3a. 

Fig.  4b.  Left  rib  of  same  animal  after  piK  Ki'<J"  th  hormone  for  14  clays  at  clo.se  of  5  mg. 
/kg./day.  No  stimulation  of  osteogenesis  or  chondrogenesis. 


t 
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Fig.  5a.  Right  12th  rib  of  monkey  (#73)  hypophysectomized  for  4  months  (B.W 
3270  gm.). 

Fig.  5b.  Left  12th  rib  of  same  animal  (#73)  following  monkey  growth  hormone 
administration  for  14  days  at  dose  of  5  mg. /kg. /day.  Striking  evidence  of  stimulation 
can  be  seen  in  the  cartilage  cells  by  their  increased  size,  numbers  and  more  orderly 
arrangement  and  in  the  marrow  invasion  at  zone  of  erosion. 

Fig.  5c.  Right  1 1th  rib  of  the  same  monkey  (#73)  after  a  rest  period  of  1  month  show¬ 
ing  the  reversion  to  hypophysectomized  state.  Compare  with  Figures  2  and  5a. 

Fig.  5d.  Left  11th  rib  of  the  same  animal  (#73)  resected  after  14  days’  administra¬ 
tion  of  beef  growth  hormone  (.Vrmour  lot  #732-181)  at  dose  level  of  5  mg./kg./day.  Note 
lack  of  stimulation.  Contrast  with  Figure  5b. 


Fig.  6a.  Right  12th  rib  of  monkey  (#77)  hypophysectomized  for  3  months  (B.W. 
3310  gm.) 

Fig.  6b.  Left  12th  rib  of  same  animal  (#77)  following  the  injection  of  monkey  growth 
hormone  at  dosage  of  5  mg. /kg. /day  for  14  days.  Increased  chondrogenic  and  osteogenic 
activity  is  evident. 

Fig.  6c.  Right  11th  rib  of  monkey  (#77)  resected  alter  an  interval  of  2  months.  A 
bony  wall  is  sealing  off  the  cartilage  and  the  hypertrophic  ,cells  are  greatly  reduced  in 
size  and  numbers. 

Fig.  6d.  Left  11th  rib  of  same  animal  after  14  days  of  beef  growth  hormone  (.\rmour 
lot  732-181)  at  a  dose  of  5  mg. /kg./ day.  The  hypertrophic  cells  although  greater  in  num¬ 
ber  than  in  Figure  6c.  are  atrophic. 
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on  the  other,  when  admini.stered  to  hypophysectomized  monkeys  (3,  4) 
or  panhypopituitary  human  subjects  (5)  as  determined  by  nitrogen  reten¬ 
tion,  are  also  evident  when  morphologic  aspects  of  growth  processes  aie 
examined.  These  findings  strengthen  the  concept  of  species  specificity  j.s 
the  most  likely  explanation  for  the  apparent  ineffectiveness  of  bovine  and 
porcine  growth  hormone  in  primates  since  there  remains  little  doubt  that 
growth  hormone  prepared  from  primate  pituitary  glands  is  effective  in 
promoting  growth  processes  in  primates.  This  difference  in  physiological 
activity  is  reflected  in  distinct  physicochemical  differences  between  the 
bovine  and  the  primate  growth  hormone  molecules  (8).  Whether  similar 
considerations  are  applicable  to  other  adenohypophyseal  hormones  of  non¬ 
primate  origin  which  are  ineffective  in  the  monkey  and  in  man  .such  as  the 
luteinizing  hormone  and  the  luteotropic  hormone,  is  now  under  investiga¬ 
tion. 
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SFFECT  OF  THYROID  HORMONE  ON  METABOLISM  OF 
PTEROYLGLUTAMIC  ACID  AND  LIVER  LEVELS  OF 
NUCLEIC  ACIDS  AND  NITROGEN 

K.  GUGGENHEIM,  S.  HALEVY,  D.  SINGER  and  V.  USIELI 

Lahorntory  of  Nutrition,  Department  of  Biochemistry,  Hebrew 
rtiiversity-H adassah  Medical  School,  Jerusalem,  Israel 

ABSTRACT 

Liver  levels  of  nucleic  acids,  nitroi^en  content,  and  metabolism  of  PGA  were 
studied  in  thyroidectomized,  hyperthyroid  and  control  rats.  For  comparison, 
rats  treated  with  either  thiouracil  or  DNP  were  e.xamined. 

Hyperthyroidism  caused  an  increase  both  in  liver  nucleic  acids  and  nitrogen, 
whereas  thyroidectomy  led  to  a  lowered  level  of  RN.V  only.  Compared  with 
thyroidectomized  rats,  livers  of  thiouracil-treated  animals  contained  similar 
amounts  of  both  nucleic  acids  and  nitrogen  per  gm.  liver,  but  significantly  more 
per  unit  body  weight,  resulting  from  the  enlargement  of  the  liver.  .Administra¬ 
tion  of  DNP  reduced  RX.A  concentration  per  gm.  liver,  did  not  alter  the  DX'.V 
level  and  increased  the  liver  nitrogen  content. 

Both  storage  of  F.\  and  CF,  and  the  conversion  of  PG.\  to  CF  were  found 
to  be  normal  in  thyroidectomized  rats.  Thyroid  treatment  however  led  to  an  in¬ 
crease  in  liver  F.A  and  impairment  of  CF  formation  from  PG.\.  But  an  ev'en 
greater  inhibition  of  CF  formation  was  observed  in  rats  treated  with  either 
thiouracil  or  DNP.  DNP  affects  the  storage  capacity  of  the  liver  for  F.A  and 
CF. 

Our  e.xperiments  would  indicate  that  both  RX.\  and  DX^.A  concentrations 
of  rats’  liver  are  rather  independent  of  PG.A  metabolism.  These  results  are 
consistent  with  the  view  of  the  existence  of  an  alternative  pathway  for  nucleic 
acid  synthesis  in  the  rat  liver,  which  is  independent  of  either  F.\  or  CF. 

Recent  evidence  (1)  indicates,  that  thyroid  treatment  raises  the 
.levels  of  nucleic  acids  in  the  liver  of  rats  and  mice  and,  more  spe¬ 
cifically,  that  it  increases  ribonucleic  acid  (RNA)  to  a  greater  extent  than 
desoxyribonucleic  acid  (DNA).  The  rate  of  RNA  synthesis  was  found  to  be 
increa.sed  in  livers  of  hyperthyroid  rats  (3),  whereas  the  turnover  of  DNA 
was  almost  unaltered. 

Pteroylglutamic  acid  (PGA)*  seems  to  be  involved  in  the  metabolism  of 
nucleic  acids  (4).  But  before  it  can  carry  out  its  metabolic  functions  the 
organism  must  first  convert  it  to  the  tetrahydro  form,  citrovorum  factor 
(CF)  representing  the  metabolically  active  form.  Thus,  CF  was  shown  (o) 


Received  October  9,  1957. 

‘  .As  used  in  our  previous  publication  (Guggenheim  et  al.,  1956),  the  term  “pteroyl¬ 
glutamic  acid’’  has  been  restricted  to  the  synthetic  compound  and  “Citrovorum  factor” 
to  the  substance  (s)  promoting  growth  of  Pediococcus  cerevisiae  8081  (Leuconostoc  citro¬ 
vorum);  the  term  “folic  acid”  has  been  considered  a  generic  term  applicable  to  sub¬ 
stances  which  stimulate  the  growth  of  Streptococcus  faecalis  R. 
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to  stimulate  the  de  novo  synthesis  of  inosinic  acid  from  glycine  and  format- 
in  pigeon  liver  extracts  more  than  does  PGA.  Recent  studies  of  Greenherji; 
(6)  suggest  that  CF,  after  reaction  with  ATP,  is  capable  of  donating  il> 
formyl  group  for  purine  synthesis. 

Evidence  has  been  presented  (7,  8,  9)  for  the  existence  in  the  liver  o: 
an  enzyme  that  is  involved  in  the  conversion  of  PGA  to  CF.  Moreovei, 
Nichol  (10)  has  demonstrated  that  the  liver  is  the  main  site  of  this  conver¬ 
sion  in  the  body. 

The  question  arose,  therefore,  whether  the  changes  in  nucleic  acid 
metabolism  observed  in  hyperthyroidism  are  accompanied  by  changes  in 
the  metabolism  of  PGA  and  whether  they  affect  the  efficiency  of  its  con¬ 
version  into  CF.  This  paper  presents  the  results  of  experiments  which  were 
designed  to  study  the  effect  of  thyroid  hormone  on  liver  levels  of  nucleic 
acids  and  on  the  formation  of  CF.  Urinary  excretion  and  hepatic  concen¬ 
tration  of  both  folic  acid  (FA)  and  CF  were  studied  in  normal,  thyroid- 
treated  and  hypothyroid  rats.  Rats  treated  with  either  dinitrophenol 
(DNP)  or  thiouracil  were  examined  for  comparison.  After  completion  of 
most  of  our  experiments,  a  paper  by  Silverman  and  Gardiner  (11)  has  come 
to  our  attention,  showing  that  the  bulk  of  biologically  active  CF  in  urine, 
being  heat  labile,  is  destroyed  by  the  conventional  procedure  of  autoclav¬ 
ing.  Our  data  concerning  urinary  excretion  of  FA  and  CF  appear,  therefore, 
to  be  of  doubtful  value  and  are  omitted  in  the  present  paper. 

METHODS 

Young  male  rats  weighing  40  to  50  gm.  were  used  throughout. 

The  diet  employed  consisted  of  casein  IS,  cornstarch  73,  vegetable  oil  5,  and  salt 
mixture  (U.S.P.  2)  4  parts.  This  diet  was  supplemented  with  vitamins  as  described 
previously  (12). 

Hyperthyroidism  was  produced  by  incorporation  of  10.0  gm.  of  desiccated  thyroid 
(U.S.P.)  to  one  kg.  of  ration,  and  hypothyroidism  was  caused  by  the  e.xtirpation  of 
the  gland.  The  drinking  water  of  the  thyroidectomized  rats  was  supplemented  with 
one  per  cent  of  calcium  lacticum.  2.4-dinitrophenol  was  administered  by  incorporation 
of  1 .5  gm.  of  the  drug  to  one  kg.  of  diet,  and  thiouracil,  by  adding  5.0  gm.  to  each  kg. 
of  food. 

.\fter  three  weeks  on  diet  the  rats  were  killed  by  decapitation  and  their  livers  exam¬ 
ined  for  RN.V,  I)N.\,  nitrogen,  FA,  and  CF.  Nucleic  acids  were  extracted  according  to 
the  method  of  Schneider  (13).  I)N.\  was  determined  by  the  diphenylamine  reaction 
as  described  by  Seibert  (14).  The  color  development  was  modified,  however,  by  incu¬ 
bating  the  reagents  at  37°  for  20  hrs.  RN.\  was  determined  with  the  orcinol  reagent 
according  to  .Vlbaum  and  Umbreit  (15),  d-ribose  being  used  as  standard.  Nitrogen  was 
determined  by  the  Kjeldahl  method.  The  procedures  employed  for  extraction  and 
determination  of  F.\  and  CF  have  been  described  in  a  previous  publication  (12). 

RESULTS 

Liver  levels  of  nucleic  acids  and  nitrogen 

Table  1  shows  the  results  of  determinations  of  liver  nucleic  acids  and 
nitrogen.  Livers  of  thyroidectomized  rats  contained  significantly  less  RNA 
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Loth  per  gm.  fresh  tissue  and  per  unit  body  weight,  whereas  no  marked 
difference  was  noted  in  concentrations  of  DNA  and  of  nitrogen.  The 
itXA:DNA  ratio  was,  therefore,  found  to  be  reduced.  Since  thyroidec- 
tomized  rats  consumed  consideraldy  less  food  than  normal  controls  a  sec¬ 
ond  group  was  examined  which  was  restricted  in  the  quantity  of  food  of¬ 
fered,  to  that  consumed  by  thyroidectomized  rats.  The  amounts  of  nucleic 


Table  1.  Effect  of  hypo-  and  hyperthyroidism  ox  liver 

LEVELS  OF  NUCLEIC  ACIDS  AND  MTROOEN 


Nornml 
control  1 
rats 

Thyroid- 

ectoniised 

rats 

Normal  rats, 
caloric  re¬ 
striction  1 

Thiouracil 

treated 

rats 

Thyroid- 
treated 
rats  ' 

Dinitrophe- 
nol  treated 
rats 

No.  of  rats 

18 

10 

12 

11 

14 

11 

Weight  of  rats.  gm. 

106  ±3.5 

79  ±2.8 

86  ±2.3 

76  ±2.6 

79  ±2.7 

67  ±1.6 

Weight  of  liver,  gm. 

4.8  ±0.23 

3.4  ±0.18 

3.6  ±0.20 

4.0  ±0.19 

5.0  ±0.29 

3.5  ±0.15 

HN.X 

1 

iiiK-  Kin.  liver 

7.91±0.16 

6.78±0.17 

8.08±0.10 

6.86±0.10 

8.79±0.13 

7.3040.17 

mg.  per  100  gm.  body  weight 

35.6  ±0.67 

30.3  ±1.37 

33.1  ±0.63 

,36.3  ±0.93 

53.6  ±0,92 

39.4  4  1..36 

DN'A 

ing.  per  kih.  liver  ' 

3.4340.10 

3.72±0.10 

3.8.3±0.19 

3.43±0.08 

4.5840.12 

3.56±0.12 

mg.  per  1(K)  gm.  body  weight 

15.5  ±0.42 

16.3  ±0.59 

15.6  ±0.41 

17.2  ±0.45 

28.6  ±0.67 

19.5  ±0.87 

KN.A  DN.A 

2.31  ±0.05 

1.85±0.03 

1  2.11±0.03 

2.09±0.04 

1.88  ±0.05 

2.0640,06 

Nitrogen 

! 

mg.  per  gm.  liver 

30.8  ±0.74 

29.2  ±0.66 

30.6  ±1.10 

29.4  ±0.62 

33.6  ±0.58 

33.3  ±0.77 

mg.  per  KM)  gm.  body  weight 

139  ±6.3 

129  ±5.0 

128  ±5.0 

155  ±3.5 

,209  ±5.9 

189  ±8.3 

Means  and  standard  errors. 


acids  and  nitrogen  in  livers  of  these  rats  were  similar  to  those  of  ad  libilum 
fed  controls;  the  reduction  of  RNA  in  the  livers  of  thyroidectomized  rats 
was,  therefore,  entirely  due  to  lack  of  thyroid  hormone  and  not  to  the 
restriction  in  food  intake  accompanying  this  condition. 

Treatment  with  thiouracil  depressed  growth  to  a  similar  extent  as  thy¬ 
roidectomy.  The  livers  of  thiouracil-treated  rats  were,  however,  much  en¬ 
larged.  Compared  with  thyroidectomized  rats,  livers  of  these  rats  con¬ 
tained  similar  amounts  of  RNA,  DNA  and  nitrogen  per  gm.  liver,  but  sig¬ 
nificantly  more  per  unit  body  weight. 

Thyroid-treated  rats,  on  the  other  hand,  exhibited  a  greatly  enlarged 
liver  with  high  levels  of  both  nucleic  acids  and  nitrogen.  Concentration 
of  RNA  increased  more  than  that  of  DNA,  thus  leading  to  a  reduced 
RNA: DNA  ratio.  Treatment  with  DNP,  though  inducing  a  comparable 
depression  of  weight  gain,  did  not  cause  the  accumulation  of  such  a  high 
concentration  of  nucleic  acids  as  in  thyroid-treated  rats;  the  liver  nitrogen 
level,  however,  was  much  higher  than  that  of  controls. 

It  would  seem,  therefore,  that  thyroidectomy  tends  to  diminish  liver 
RNA  onh',  whereas  treatment  with  thyroid  increases  both  types  of  nucleic 
acids  as  well  as  liver  nitrogen.  The  effects  of  both  thiouracil  and  DNP  are 
in  this  respect  not  comparable  with  those  of  hypo-  and  hyperthyroidism. 

Metabolism  of  PGA 

Six  groups  of  rats  were  treated  as  indicated  in  Table  2.  After  three  weeks 
one  half  of  each  group  received  an  intraperitoneal  injection  of  1  mg.  of 
PGA  per  100  gm.  body  weight.  On  the  following  day  all  the  animals  were 


35S 


Gl’ddKXHKIM,  HALEVY,  SINGER  AND  ESIELI 


Volume  (  ! 


killed  and  their  livers  examined  for  FA  and  CF.  The  results  are  shown  in 
Table  2. 

As  can  be  seen  from  Table  2,  both  PGA-treated  and  untreated  thyroic  - 
ectomized  rats  had  liver  levels  of  FA  and  CF  similar  to  those  of  normal  con¬ 
trols.  It  appears,  therefore,  that  thyroidectomy  does  not  affect  either  stoi  - 
age  capacity  of  the  liver  for  FA  or  CF,  nor  this  organ’s  ability  to  convert 


Table  2.  Effec't  of  hypo-  axd  hyperthyroidism  on  folic 

ACID  METABOLISM  IN  RATS 


Normal  1 
control  j 

rats 

Thyroid-  I 
ectomised 
rats  1 

Normal  rats,  , 
caloric  re¬ 
striction 

Thiouracil 

treated 

rats 

Thyroid- 

treated 

rats 

Dinitropl;  - 
nol  treated 
rats 

No.  of  rats 

38 

18 

20 

22 

24 

22 

Weight  increase,  gm. 

82  ±5.6 

36  ±3.0  : 

35  ±2.9 

35  ±3.0 

37  +4.1  ; 

27  ±3.6 

\\  eiRht  of  livers,  gm. 

5.6±0.22 

3.6±0.16 

3.7±0.20 

3.8±0.23 

5.0±0.19 

3.3±0.1,i 

F.A,  untreated  animals 

Mg-  per  gm.  liver 

1.6±0.16 

2.0±0.28 

1.9±0.20 

1.5  +  0. .35 

1.6±0.20 

1.9±0.:il 

Mg-  per  1(K)  gm.  body  weight 

7.2±0.6() 

8.9±1.12 

7.5±0.76 

7.8±1.15 

10.6±0.68 

10.2±1.3:| 

KA,  POA-treated  animals' 

Mg-  per  gm.  liver 

3.8±0.30 

2.6±0.48 

3.8±0.51 

2.4±0.41 

3.2±0.22 

2.5±0.28 

Mg-  |>er  100  gm.  bcKlv  weight 

15.8±0.!»5 

13.9±2.30 

15. 3±  1.50 

12.3±1.76 

20.6+1.00 

I3.i±i.i:] 

Increase  following  treatment. 

Mg-  per  l(K)gm.  body  weight 

8.6±1.12 

6.0  +  2.56 

7.8±1.68 

4.5±2.10 

10.0±1.21 

2.9±1.71 

CF,  untreated  animals 

Mg.  per  gm.  liver 

1.3  ±0.13 

1.3  ±0.30 

1.4±0.19 

0.8±0.19 

1.2±0.20 

0.9±0.3-l 

Mg.  per  KHl  gm.  body  weight 

5.6±0.43 

5.9±1.39 

5.6±0.63 

4.4±0.94 

6.8±0.73 

4.6±1.4( 

C'F,  PCA-treated  animals' 

Mg-  per  gm.  liyer 

3.2  +  0.20 

2.1  +  0.49 

2.6±0.53 

i  1.4±0.24 

2.3±0.21 

1.4±0.4i 

Mg-  per  100  gm.  body  weight 

13.2  +  1.33 

11.4±2.33 

11.3±1.70 

7.3±1.39 

15.2±0.94 

6.5±0.9; 

lncr€»ase  following  treatment. 

Mg.  per  KXlgiii.  body  weight 

7.6+1.40 

5.5±2.54 

5.7±  1.81 

'  2. 9  ±1.69 

8.4±1.18 

1.9±1.7I 

Cl*  as  percent  of  FA* 

79  ±3.9 

71  ±5.3 

75  ±7.5 

54  ±3.3 

66  ±3.2 

45  ±6.5 

Means  and  standard  errors, 

>  24  hrs.  following  an  intraperitoneal  injeetion  of  1  mg.  POA  per  KKI  gin.  body  weight. 
*  .Average  of  both  PCi.A-treat(*d  and  untreated  animals. 


PGA  into  CF.  Livers  of  thiouracil-treated  rats,  both  PGA-treated  and 
untreated,  also  contained  similar  amounts  of  FA.  Concentrations  of  CF, 
however,  were  smaller,  the  percent  of  CF  among  substances  stimulating 
growth  of  St  rept.  faecal  is  R  dropping  to  54,  as  against  79  and  75  in  controls, 
and  71  in  thyroidectomized  rats  respectively.  Thiouracil  seems,  therefore, 
to  depress  conv’ersion  of  PGA  to  CF. 

Hyperthyroid  rats,  both  PGA-treated  and  untreated,  had  much  more 
FA  in  their  livers  than  controls.  This  increase  is  only  due  to  the  enlarge¬ 
ment  of  the  liver,  since  comparable  figures  were  obtained  per  gm.  liver. 
The  ability  of  the  liver  to  convert  PGA  to  CF  was,  however,  found  to  be  de¬ 
pressed  in  this  condition. 

DXP  likewise  induced  a  high  FA  level  in  liver  of  untreated  rats,  also 
resulting  from  an  enlargement  of  the  liver.  In  PGA-treated  rats,  however, 
a  much  smaller  increase  of  FA  (2.9  per  100  gm.  body  weight)  was  found 
than  in  either  controls  (8.6  jug.)  or  hyperthjToid  rats  (10.0  ng.).  The  ability 
of  the  liver  of  DNP-treated  rats  to  retain  FA  seems,  therefore,  to  be  im¬ 
paired.  A  similar  phenomenon  was  also  found  with  CF.  Furthermore,  the 
capacity  of  the  liver  to  convert  PGA  into  CF  seems  to  be  markedly  im¬ 
paired.  It  would  thus  appear  that  DNP  affects  two  functions  of  the  liver; 
1)  the  capacity  to  store  both  FA  and  CF,  and  2)  the  abilitv  to  transform 
PGA  into  CF. 
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Hypothyroidism  appears  not  to  affect  metabolism  of  PGA  in  the  liver, 
w  hereas  hyperthyroidism  leads  to  an  increased  level  of  liver  FA  and  to  an 
ii.ipairment  in  the  formation  of  CF.  An  even  greater  inhibition  of  CF 
fiJimation  was  found  in  rats  treated  with  either  thiouracil  or  DNP.  More- 
0  er,  DNP  seems  to  affect  the  storage  capacity  of  the  liver  for  FA  and  CF. 

DISCUSSION 

Our  data  tend  to  confirm  earlier  observations  that  hypothyroidism 
causes  an  increase  of  liver  nucleic  acids  and  nitrogen  (1,  2,  16,  17).  They 
further  demonstrate  the  lowering  of  liver  RNA  level  which  occurs  in  thy- 
roidectomized  animals.  Concentrations  of  nucleic  acids  and  nitrogen  per 
gin.  of  fresh  liver  of  thiouracil-treated  rats  were  found  to  be  similar  to 
those  in  thyroidectomized  animals,  but  their  total  amounts  were  greater. 
This  was  the  result  of  the  enlargement  of  the  liver  (17,  18).  Increased  liver 
nitrogen  in  thiouracil-treated  rats  has  already  been  reported  by  Brown 
(19),  Canzanelli,  Rapport  and  Guild  (1)  and  by  Leatham  (17).  In  this 
rt'spect  the  action  of  thiouracil  is  thus  not  identical  with  that  of  thyroidec¬ 
tomy.  Similarly,  thyroid  powder  and  DNP,  though  administered  in  doses 
which  exerted  a  similar  catabolic  action,  had  different  effects  on  liver 
nucleic  acids.  Thyroid  markedly  increased  both  RNA  and  DNA  per  gm. 
liver,  whereas  DNP  reduced  RNA  concentration  per  gm.  liver,  the  DNA 
level  remaining  unaltered.  Another  di.ssociation  in  the  effects  of  thyroid 
and  DNP  has  been  observed  in  chicken  by  Stamler  et  al.  (20);  DNP,  in 
contrast  to  thyroid,  does  here  lower  plasma  lipids,  but  cannot  prevent 
cholesterol-induced  atherosclerosis. 

Neither  the  increased  amounts  of  liver  nucleic  acids  in  hyperthyroidism 
nor  the  decrease  of  RNA  in  hypothyroidism  can  be  explained  by  our  find¬ 
ings  on  PGA  metabolism  in  the.se  conditions.  Both  hepatic  storage  of  FA 
and  CF  as  well  as  the  conversion  of  PGA  to  CF  appear  to  be  normal  in 
thyroidectomized  rats;  in  thyroid-treated  animals,  however,  a  marked  im¬ 
pairment  in  formation  of  CF  from  PGA  was  noted.  A  still  greater  defect 
in  CF  formation  was  found  in  rats  treated  with  either  thiouracil  or  DNP. 
It  appears,  therefore,  that  the  changes  in  liver  levels  of  nucleic  acids  in 
liypo-  and  hyperthyroid  rats  as  well  as  in  animals  treated  with  thiouracil 
or  DNP,  are  not  caused  by  changes  in  the  storage  capacity  for  FA  nor  by 
an  alteration  of  the  efficiency  of  its  conversion  into  CF. 

From  our  study  it  would  follow  that  both  RNA  and  DNA  concentra¬ 
tions  in  the  rat  liver  are  rather  independent  of  PGA  metabolism.  A  cer¬ 
tain  independence  of  liver  nucleic  acids  of  PGA  metabolism  has  already 
lieen  reported.  Whereas  A-methopterin  inhibits  incorporation  of  formate- 
C‘^  into  proteins  of  leukemic  cells,  no  such  effect  of  the  antagonist  was  ob¬ 
served  with  normal  mouse  liver  (21).  Martin  (22)  even  found  an  increa.sed 
formate  uptake  into  liver  RNA  of  aminopterin  treated  rats.  It  might  then 
be  concluded  that  formate  incorporation  proceeds  by  two  different  path- 
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ways,  one  sensitive  and  one  resistant  to  PGA-antagonists.  Our  results  sup 
port  the  view  of  the  existence  in  rat  liver  of  an  alternative  mechanism  fos 
the  synthesis  of  nucleic  acids  independent  of  PGA. 

The  physiological  significance  of  the  deviations  from  normal  PGA 
metabolism  observed  in  hyperthyroidism  remains,  however,  still  unknown 

REFERENCES 

1.  Canzanklli,  a.,  D.  Rapport  and  R.  Guild:  Amer.  J.  Physiol.  157:  225.  1949. 

2.  Baxi,  a.  J.,  K.  D.  Samarth  and  P.  R.  Vknkataraman:  Proc.  Indian  .\cad  Sci 
34:  25S.  1951. 

3.  Vknkataraman,  P.  R.  and  M.  T.  Frikdkll:  Endocrinology  54:  612.  1954. 

4.  Stockstadt,  E.  L.  R.:  in  The  vitamins,  ed.  bj-  Sebrell,  H.  and  R.  S.  Harris.  Acad. 
Press,  Inc.,  New  York  3:  124.  1954. 

5.  Buchanan,  J.  M.  and  M.  P.  Schulman:  J.  Biol.  Chem.  202:  241.  1953. 

6.  Greenbkrg,  G.  R.:  Feder.  Proc.  13:  745.  1954. 

7.  Nichol,  C.  .\.  AND  A.  D.  Welch:  Proc.  Soc.  Exp.  Biol.. Med.  74:  52.  1950. 

8.  Doctor,  V.  M.,  J.  F.  Elam,  P.  Sparks,  C.  M.  Lyman  and  J.  R.  Couch:  .4rc/i. 
Biochem.  Biophys.  48:  249.  1954. 

9.  Doctor,  V.  M.,  B.  E.  Welch,  R.  W.  Perrett,  C.  L.  Brown,  S.  Garay  and  J.  R. 
Couch:  Proc.  Soc.  Exp.  Biol.  .Med.  84:  29.  1953. 

10.  Nichol,  C.  A.:  Proc.  Soc.  Exp.  Biol.  .Med.  83:  167.  1953. 

11.  Silverman,  M.  and  R.  Gardiner:  J.  Bacleriol.  71:  433.  1956. 

12.  Guggenheim,  K.,  S.  Halevy,  H.  Neumann  and  V.  Usieli:  Biochem.  J.  62:  281. 
1956. 

13.  Schneider,  W.  C.:  J.  Biol.  Chem.  161:  293.  1945. 

14.  Seibert,  F.  B.:  J.  Biol.  Chem.  133:  539.  1940. 

15.  Albaum,  H.  G.  and  W.  W.  Umbreit:  J .  Biol.  Chem.  167:  369.  1947. 

16.  Sternhkimer,  R.:  Endocrinology  25:  899.  1939. 

17.  Leatham,  j.  H.:  In  Protein  metabolism,  hormones  and  growth,  a  symposium,  Rutgers 
University  Press,  New  Brunswick,  N.  J.  1953. 

18.  ScHULizE,  A.  B.  AND  C.  W.  Turner:  Yale  J.  Biol.  Med.  17:  269.  1944. 

19.  Brown,  J.  H.  U.:  Proc.  Soc.  Exp.  Biol.  Med.  71:  612.  1949. 

20.  Stamler,  j.,  E.  N.  Silber,  A.  J.  Miller,  L.  Akman,  C.  Bolene  and  L.  N.  K.ytz: 
J.  Lab.  Clin.  Med.  35:  351.  1950. 

21.  Williams,  I).,  G.  G.  Slater  and  R.  J.  Winzler:  Cancer  Res.  15:  532.  1955. 

22.  Martin,  L.:  quoted  by  Totter,  J.  R.:  in  Antimetabolites  and  cancer,  ed.  by  Rhoads, 
C.  P.  .\mer.  .\ssoc.  .\dvanc.  Sci.,  Washington,  1).  C.  1953. 


NOTES  AND  COMMENTS 


PITUITARY  GROWTH  HORMONE  AND  MITOSP:S  IN 
IMMATURE  MOUSE  LIVER‘ 

ABSTRACT 

The  effect  of  pituitary  growth  hormone  (STH)  on  liver  mitoses  in  immature  male 
ZBC  mice  was  studied  under  conditions  standardized  for  periodicity  analysis.  STH 
was  administered  to  groups  of  animals  in  doses  of  1  n^./gm.  of  body  weight  and 
10  Mg. /gm.  of  body  weight,  for  three  successive  days.  The  mitotic  activity  of  the 
liver  was  then  determined  in  animals  sacrificed  either  8  or  20  hours  after  the  last 
injection,  the  following  midnight  or  noon,  respectively,  and  compared  with  the  cor¬ 
responding  values  for  animals  given  saline  solution.  The  mean  mitotic  activity  for 
the  saline-treated  group  by  day  was  twice  the  corresponding  value  by  night.  More¬ 
over,  the  mitotic  activity  of  the  groups  treated  with  STH  was  significantly  higher 
than  that  of  the  corresponding  saline-treated  group,  in  livers  removed  at  noon,  but 
not  in  livers  removed  at  midnight.  The  effect  of  STH  thus  was  manifest  at  the  daily 
time  of  high  mitotic  activity,  and  absent  at  the  time  of  low  mitotic  activity. 

The  effect  of  STH  upon  hepatic  mitoses  seems  to  be  exerted  indirectly  by  modi¬ 
fying  some  unknown  metabolic  process,  the  peak  of  which  process  precedes  the 
daily  mitotic  peak. 

The  effect  of  pituitary  growth  hormone  (STH)  on  mitosis  has  been  studied  in  several 
tissues.  It  has  been  reported  that  STH  a)  stimulates  mitotic  activity  in  liver  (1),  adrenal 
cfjitex  (2,  3)  and  intestinal  mucosa  (4)  of  hypophysectomized  rats,  and  b)  inhibits 
mitotic  activity  of  mouse  epithelial  cells,  in  vitro  (5).  The  present  study  was  undertaken 
to  determine  the  effect  of  STH  on  mitosis  in  the  liver  of  the  immature  intact  mouse. 
Twenty-four-hour  periodic  changes  in  mitotic  count  characterize  the  liver  in  growth  (6) 
and  repair  (7)  as  well  as  manj'  other  tissues  (for  reviews  see  8-11).  Hence,  this  in¬ 
vestigation  was  C4irried  out  under  conditions  standardized  for  periodicitj'  analysis  (10, 
12).  These  provisions  made  it  possible  to  detect  differences  in  the  effect  of  STH,  as  a 
function  of  the  phase  of  the  dailj'  mitotic  cycle  chosen  for  the  collection  of  specimens. 

MKTHODS  AND  MATERIALS 

Male  ZBC  mice,  obtained  by  backcrossing  .4xZbFi  or  Zb.\xFi  hybrids  to  the  Z  (C3H 
Bittner)  stock,  were  weaned  at  3  weeks  of  age.  For  7  days  thereafter  the  animals  were  kept 
in  individual  cages  in  a  room  maintained  at  25.5  ±1°  C,  illuminated  from  6  a.m.  to  f>  p.m. 
and  darkened  from  6  p.m.  to  ti  a.m.  Purina  Laboratory  Chow  and  tap  water  were  available 
to  the  mice  ad  libitum  from  the  time  of  weaning  until  killing.  The  mice  were  weighed  on  the 
first  and  fifth  days  of  standardization  and  the  average  change  in  weight  during  this  period 
was  computed.  .Ainimals  failing  to  gain  at  least  25%  of  this  average  change  were  discarded. 
The  remaining  animals  were  divided  into  6  groups,  of  similar  weight. 

A  highly  purified  preparation  of  STH  was  used  in  this  investigation  (13).  The  only  physico¬ 
chemical  studies  carried  out  on  this  preparation  were  electrophoretic  analysis  at  pH  4  and 
it. 6.  The  patterns  were  of  the  same  form  as  those  previously  reported  (13)  and  showed  the 
.“ame  degree  of  heterogeneity.  Thus,  while  the  preparation  used  in  this  study  may  be  re¬ 
garded  as  highly  purified,  it  was  not  pure.  The  preparation  was  first  assayed  by  the  4-day 
tibia  test,  using  rats  of  the  Long-Evans  strain  which  were  hypophysectomized  at  21  days 
of  age.  All  injections  were  made  intraperitoneally  and  begun  2  weeks  after  hypophysectomy. 
The  epiphyseal  cartilage  widened,  indicating  the  presence  of  STH  activity.  The  following 
total  doses,  in  mK-.  of  0,  20,  40,  80,  and  100  were  associated  with  widths  in  /u  of  161,  214,  225, 
257  and  265,  respectively,  in  the  epiphyseal  cartilage.  On  the  same  type  of  test  animals  and 
with  the  same  injection  schedule,  the  histological  examination  of  the  thyroid,  the  ovaries  and 
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the  adrenals,  revealed  M.E.D.’s*  as  follows:  for  ACTH,  10  mg.;  for  TSH,  2  mg.;  and  fo 
ICSH,  4  mg. 

The  STH  was  suspended  in  0.9%  NaCl  solution,  dissolved  with  the  addition  of  1  dro; 
of  0.1  \  XaOH,  and  stored  in  the  refrigerator,  for  a  period  not  exceeding  3  dax's.  Two  group 
of  mice  were  injected  with  STH  in  concentrations  of  1  mK  /-61  ec.  and  10  /ig./  .01  cc.,  respei 
lively;  a  third  group  received  0.9%  NaCl  solution.  Before  treatment,  each  mouse  wa 
weighed,  and  then  injected  with  0.01  cc.  of  a  given  solution/gm.  of  body  weight.  The  injection 
were  given  subcutaneously  between  4  and  5  p.m.  on  three  successive  days,  7,  8,  and  9  day 
after  the  mice  were  placed  in  individual  cages.  During  each  injection  period,  the  treatment 
were  given  in  rotation,  to  minimize  a  possible  time  factor  difference  among  the  animals.  Mic 


□  0.9  %  NaCl 
Q  STH  Ipg.’ 


/gm  body  wt  /day,  for  3  days 

Fig.  1.  Liver  mitoses  in  groups  of  mice  in\-estigated. 


of  groups  1  and  4  received  saline;  those  of  groups  2  and  5  received  1  /jg.  of  STH/gm.  of  body 
weight;  and  tho.se  of  groups  3  and  6  received  10  tig.  of  STH/gm.  .\t  midnight,  following  the 
third  series  of  injections,  groups  1,  2,  and  3  were  killed,  while  groups  4,  5,  and  6  were  killed 
at  noon,  12  hours  later.  .4fter  killing  by  cervical  dislocation,  a  specimen  was  removed  from 
the  median  lobe  of  the  liver  and  immersed  in  Bonin’s  fixative  within  one  minute,  .\fter  im¬ 
bedding  in  paraffin,  sections  approximately  5  m  thick  were  cut.  Every  eighth  section  was 
mounted  and  stained  with  Heidenhain’s  iron  hematoxylin  and  eosin.  The  number  of  paren¬ 
chymal  mitoses  in  100  fields  {~3000  cells)  and  their  respective  stages  were  determined  under 
oil  immersion  (X800).  All  of  the  mitotic  counts  used  for  this  report  were  done  on  coded 
sections  bx’  the  same  individual. 


While  the  individual  mitotic  counts  obtained  in  this  study  shoxved  considerable 
variation,  the  mean  counts  for  the  sex’eral  groups  reveal  significant  effects.  In  Figure 
1 ,  individual  counts  are  gix-en  by  the  height  of  the  columns  and  the  mean  counts  by  the 
horizontal  lines,  with  standard  errors  as  shaded  areas  around  them.  Txvo  effects  are 
prominent  in  this  figure.  First,  a  difference  in  counts  at  the  two  times  of  day  chosen  for 
sampling,  and,  second,  an  elevation  of  the  mean  count  by  STH,  in  samples  collected 
at  '^12:30,  but  not  in  samples  collected  at  — ^00:30.  Thus,  it  can  be  seen  from  Figure  1, 


*  M.E.D.  =  Minimum  effective  dose  =  the  weight  of  a  preparation  which,  xvhen  in¬ 
jected  intraperitoneally  once  daily  for  four  days,  will  produce  minimally  detectable 
histological  repair  of  the  atrophied  target  organs  of  an  immature  hypophysectomized 
rat,  two  weeks  post-operative. 
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tl  :it  the  mean  counts  of  all  groups  killed  at  noon  were  higher  than  those  of  the  groups 
k  led  at  midnight,  .\nalysis  of  this  ‘’'within-day”  difference  is  best  based  herein  upon 
tl  e  data  for  those  groups  given  saline,  since  these  data  are  at  least  not  complicated  by 
h  rmone  administration.  The  mean  mitotic  count  for  the  saline  group  by  day  was  twice 
t!  i!  corresponding  value  by  night,  and  this  day-night  difference  is  interpreted  as  sig- 
n  licant  (5.5S±2.23;  t  =  2.6;  P  =  0.016).  .\mong  the  mice  killed  at  midnight,  there  was 
n  i  significant  difference  in  mean  mitotic  counts  between  the  group  treated  with  saline, 
0!.  one  hand,  and  those  groups  given  STH,  on  the  other  (P  =  ().40);  the  only  effect  of 

Table  1.  Certain  F*  vali  es  obtained  kor  comparisons  ok 

r.Rori'S  INVESTIGATED 

Croups  compared  Ft 

XaCl  &  STH  (  1  Mgd  0.56 

00:30 

XaCl  &  STH  (10  mK  )  1-66 

XaCl  &  STH  (  1  Mg.) 

12:30 

XaCl  &  STH  (10  Mg.) 

sd  XrX»-(rX^* 

s..»  ’  X(X-l) 
t  h  99  =  4 . 42  (  h  96  =  2 . 82  J  h  so  =  1  . 60 

S  TH  appeared  to  be  the  smaller  individual  variability  in  the  group  given  this  hormone 
at  the  1  fig.  dose  level,  as  compared  to  the  corresponding  group  given  saline.  Indeed,  the 
P’-test  (14),  comparing  variances  within  these  two  groups,  indicates  significance  at  the 
1%  level  (Table  1).  Before  generalizing  from  this  affect,  it  must  be  recognized,  however, 
that  the  F-test  for  a  comparison  of  variances  in  the  night-data  for  those  groups  receiving 
saline  or  STH  at  the  10  fig.  dose  level  did  not  reveal  a  significant  difference.  The  in¬ 
terpretation  of  the  changes  in  variance  thus  must  await  the  results  of  further  work. 

The  data  in  the  right  half  of  Figure  1 ,  obtained  at  noon,  are  conclusive.  Both  groups 
given  STH  had  a  higher  mean  mitotic  count  than  the  corresiionding  saline-treated 
group.  These  differences  were  significant  at  the  \  %  level,  for  both  dose  levels  of  STH. 
By  contrast,  the  slight  difference  in  mean  mitotic  counts  by  day  for  those  groups  given 
STH  at-the  1  fig.  or  10  fig.  dose  level  was  not  statistically  significant. 

The  results  of  intergroup  F-tests  on  the  day-data  are  shown  in  Table  1.  It  maj’  be 
seen  that  only  one  of  the  F  values  was  significant  at  the  5%  level;  none  was  significant 
atl%. 

Finally,  no  gross  intergroup  differences  were  detected  in  the  proportions  of  various 
mitotic  stages.  In  each  of  the  six  groups,  about  one  third  of  the  mitotic  figures  were  in 
prophase,  another  third  in  metaphase  and  the  rest  in  anaphase  or  telophase. 

DISCUSSION 

The  liver  of  the  mouse  shows  a  rapidly  declining  level  of  mitotic  activity,  during 
the  second  month  of  extrauterine  life,  and  by  the  beginning  of  the  third  month,  its 
mitotic  rate  is  extremely  low.  If  the  organ  is  damaged,  lively  mitotic  activity  ensues 
until  repair  is  complete  (15,  16).  In  mature  liver,  the  vast  majority  of  the  cells  has 
appropriately  been  described  as  “reverting  post-mitotic”  cells,  since  their  nuclei  exhibit 
mitotic  activity  only  under  abnormal  conditions  (17). 

In  the  liver  of  those  mice  studied  herein  at  4  weeks  of  age,  mitotic  activity  was  still 
sufficiently  high  to  allow  the  detection  of  a  significant  day-night  difference,  in  keeping 
with  the  result  of  earlier  work  (6).  The  definition  of  these  phases  of  mitotic  rhythm, 
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in  turn,  seems  to  be  pertinent,  to  the  analysis  of  an  effect  of  STH  within  the  physiolo  ic 
range.  At  least  as  far  as  the  anticipated  elevation  of  mitotic  count  by  STH  is  concern*  d, 
such  an  effect  was  present  and  statistically  significant  in  specimens  collected  at  t  le 
daily  time  of  high  mitotic  activity,  but  absent  in  those  obtained  at  the  time  of  l.iw 
activity.  It  must  be  recognized  that  the  period  which  elapsed  from  the  time  of  STil- 
admini.stration  to  killing  was  not  the  same  for  those  specimens  collected  at  00:30  and 
12:30.  .\t  00:30,  s|)ecimens  were  collected  at  S  hours  after  the  last  STH  injection  and 
at  32  hours  after  the  second,  while  at  12:30,  specimens  were  collected  at  20  hours  after 
the  last  injection.  The  possibility  exists  that  the  absorption  of  STH  was  such  as  to  elevate 
mean  mitotic  counts  in  the  liver  of  immature  mice  at  20  hours,  but  not  at  8  or  32  hours 
after  injection.  The  alternate  explanation,  that  the  effect  of  STH  is  dependent  upon 
the  phase  of  the  daily  cycle  underlay  the  design  of  this  investigation  and  seems  the  more 
likely.  This  effect  of  STH  upon  hepatic  mitoses  is  probably  indirect,  being  exerted 
upon  some  process  related  to  mitosis,  rather  than  upon  the  mitotic  process  itself.  The 
data  seem  to  allow  the  assumption  that  the  process  upon  which  the  STH  effect  is  exerted 
precedes  the  daih*  mitotic  peak.  The  finding  of  similar  proportions  of  mitotic  figures 
in  the  various  stages  of  division  is  also  in  keeping  with  the  assumption  that  STH  acts 
in  the  interphase,  rather  than  affecting  a  given  stage  of  the  mitotic  process.  However, 
STH  may  have  acted  by  lengthening  the  duration  of  the  mitotic  process  per  se  and  may 
thus  have  resulted  in  an  elevated  mitotic  count.  This  latter  possibility  has  not  been 
ruled  out,  since  an  agent  which  traps  mitoses  was  not  used. 
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PRODUCTION  AND  INHIBITION  OF  HYPERTENSIVE  DISE.\SE 
IN  THE  RAT  BY  CORTICOSTERONE' 

ABSTRACT 

Uninephrectomized,  salt-treated  rats  with  intact  adrenals,  enucleated  adrenals 
and  no  adrenals  were  administered  corticosterone  in  daily  doses  of  1  mg.  and  5  mg. 

The  larger  dose  produced  severe  hypertensive  disease  in  all  groups  but  the  smaller 
dose  did  not.  .\drenal-regeneration  was  virtually  abolished  by  5  mg.  and  partiall}’ 
inhibited  by  1  mg.  of  corticosterone  daily.  The  development  of  hypertensive  disease 
in  rats  bearing  regenerating  adrenals  was  also  prevented  by  1  mg.  of  this  steroid. 
These  observations  suggest  but  do  not  prove  that  regenerating  adrenal  cortical 
tissue  produces  less  than  1  mg.  of  corticosterone  daily.  Hence,  it  seems  reasonable  to 
conclude  that  the  hypertensive  disease  which  develops  following  adrenal-enucleation 
can  only  be  ascribed  to  this  steroid  if  the  period  of  relative  adrenal  cortical  insiif- 
hciency  following  enucleation  somehow  sensitizes  the  organism  to  its  hypertensive 
properties. 

.Vccording  to  Singer  and  Stack-Dunne  (1)  the  principle  steroids  normally  secreted  by 
tlie  rat  adrenal  cortex  are  corticosterone  and  aldosterone.  It  has  seemed  logical  to 
assume,  therefore,  that  if  hyperfunction  of  the  adrenal  cortex  plats  any  role  in  the 
development  of  hypertensive  vascular  disease  in  this  species  it  does  so  by  increasing  the 
secretion  of  either  one  or  both  of  these  substances.  Hence,  the  investigation  of  the  hyper¬ 
tensive  properties  of  aldosterone  and  corticosterone  has  become  important.  Gross, 
I.oustalot  and  Meier  (2)  failed  to  demonstrate  in  the  rat  any  acute  hypertensive  effect 
of  40  /ig.  of  aldosterone  per  day,  while  Kumar,  Hall,  Nakashima  and  Gornall  (3)  have 
sliown  that  small  daily  doses  of  aldosterone  (0.25-1.0  fig.  per  rat)  have  a  cumulative 
liypertensive  effect  although  vascular  lesions  were  not  produced.  Corticosterone  too  has 
failed  to  produce  hypertension  and  vascular  lesions  when  given  in  a  daily  dose  of  1  mg. 
per  rat  (4).  The  present  communication  is  a  brief  account  of  our  studies  on  corticosterone 
administration  to  rats  with  (1)  intact  adrenals,  (2)  enucleated  adrenals  and  (3)  no 
adrenals. 


MATERIAL  AND  METHODS 

Ninety,  immature,  female,  Sprague- 1 )awley  rats  were  uninephrectomized,  given  1% 
'odium  chloride  solution  to  drink  and  Purina  Laboratory  Chow  to  eat  ad  libitum,  divided 
into  9  groups  of  10  rats  each  and  treated  as  follows:  Group  I  served  as  controls.  The  rats  in 
Groups  II,  Vd  and  VII  were  subjected  to  unilateral  adrenalectomy  and  contralateral  adrenal- 
cnucleation,  and  those  in  Groups  III,  Vdll  and  IX  were  bilaterally  adrenalectomized.  Corti- 
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costerone  was  administered  subeiitaneoiisly  daily  as  a  mierocrystalline  suspension  in  0.2  i  il. 
of  distilled  water  in  a  dose  of  1  mg.  per  rat  to  Oroups  IV,  VI  and  VIII,  and  5  mg.  per  rat  to 
(Jroups  V,  VII  and  IX.  Systolie  i)lood  pressures  were  determined  at  the  beginning  of  l  ie 
experiment  and  weekly  thereafter  by  the  microphonie  manometer  method  of  Friedman  and 
Freed  (5).  Body  weights  were  reeorded  initially  and  weekly  thereafter  throughout  the  <  \- 
|)eriment.  Saline  eonsumption  of  eaeh  rat  was  measured  daily  and  the  average  24-hour  intti  ce 
in  eaeh  group  was  ealeulated  weekly.  Duration  of  the  experiment  was  5  weeks. 

RKSULTS  .\N'D  DI.SCUSSION 

T!ie  results  of  this  experiment  are  summarized  in  Table  1.  The  changes  in  adrenal- 
enucleated  rats  (Group  II)  were  the  same  as  previously  reported  (6).  Corticosterone  in 
a  daily  dose  of  1  mg.  produced  only  a  slight  rise  in  blood  pressure,  no  jrolydipsia  and  no 
grossly  recognizable  organ  lesions  (Groups  IV,  VI  and  VllI)  while  in  a  dose  of  5  mg. 
per  day  it  caused  severe  hypertension,  marked  jtolydipsia  and  significant  gross  changes 
in  the  heart,  kidney,  brain,  pancreas  and  mesentery  (Groups  V,  VII  and  IX).  The  lesions 
detectable  grossly  consisted  of  small  gray  areas  on  the  epicardium  of  the  heart,  focal 
red  spots  and  gray  nodules  on  the  cortical  surface  of  the  kidney,  cystic  infarcts  or  hemor¬ 
rhages  in  the  cerebral  hemispheres  of  the  brain  and  nodular  thickening  of  arteries  (peri¬ 
arteritis  nodosa)  of  pancreas  and  me.sentery.  In  all  respects  the  gross  changes  were  char¬ 
acteristic  of  the  hypertensive  vascular  disease  produced  in  this  species  by  a  variety  of 
methods  (7).  Definitive  studies  of  these  lesions  are  under  way  and  will  be  reported  later. 
The  cardiac  and  renal  weights  were  roughly  proportional  to  the  average  blood  pressure 
in  the  different  groups. 

The  effect  of  corticosterone  on  the  weight  of  the  adrenal  glands  is  especially  note¬ 
worthy.  Thus,  a  daily  dose  of  1  mg.  of  this  .steroid  failed  to  produce  atrophy  of  intact 
adrenals  (Group  IV')  but  significantly  inhibited  not  only  adrenal-regeneration  but  also 
the  hypertension  and  gross  organ  changes  which  normally  develop  during  this  process 
(Group  \T).  On  the  other  hand  5  mg.  of  corticosterone  per  day  caused  marked  atrophy 
of  intact  adrenals  (Group  \')  and  almost  total  inhibition  of  adrenal-regeneration  (Group 
VTI),  yet  produced  equally  severe  hypertension  and  gross  organ  lesions  in  both  groups. 

'Fhe  failure  of  1  mg.  of  corticosterone  daily  to  produce  hypertensive  disease  confirms 
a  previous  report  (4),  but  the  observation  that  hypertension  and  gross  organ  lesions 
developed  when  the  steroid  was  given  at  a  dose  level  of  5  mg.  per  day  clearly  shows 
that  this  naturally  occurring  steroid  does  possess  such  potentialities.  The  partial  inhi¬ 
bition  of  adrenal-regeneration  by  the  daily  injection  of  1  mg.  of  corticosterone  suggests 
but  does  not  prove  that  amounts  slightly  less  than  this  are  secreted  by  regenerating 
adrenal  cortical  tissue.  Hence,  significant  hypersecretion  of  corticosterone  probably  does 
not  occur  during  adrenal-regeneration  and  in  order  to  ascribe  to  this  steroid  the  hyper¬ 
tensive  di.sease  which  develops  under  these  experimental  conditions  it  must  be  postu¬ 
lated  that  the  enucleation  procedure  and  subsequent  period  of  relative  adrenal  cortical 
insufficiency  .somehow  sensitizes  the  animal  to  its  actions.  The  observation  that  daily 
administration  of  1  mg.  of  corticosterone  beginning  24  hours  after  adrenal-enucleation 
totally  prevents  the  hypertensive  disease  which  regularly  occurs  during  adrenal-regener 
ation  can  be  interpreter!  as  supporting  this  hypothesis.  On  the  other  hand  it  is  also 
compatible  with  the  point  of  view  that  an  imbalance  in  steroid  secretion  in  favor  ot 
aldosterone  may  be  the  responsible  mechanism  for  it  could  be  interpreted  that  tin 
administered  cortico.sterone  normalizes  the  corticosterone/aldosterone  ratio  in  periphera’ 
blood  and  thereby  prevents  the  hypertensive  disea.se.  It  seems  equally  possible  that  tin 
hypertensive  disease  consequent  to  adrenal-regeneration  may  be  produced  bj’  sonn 
adrenal  steroid  other  than  corticosterone  or  aldosterone  and  that  corticosterone  e.xer- 
ci.ses  its  inhibitory  effect  by  depressing  the  secretion  of  this  substance.  W  hich  of  thes( 
various  possibilities  is  the  correct  one  can  only  be  established  by  quantitatively  and 
qualitatively  determining  the  steroids  secreted  by  the  adrenal  immediately  following 
enucleation  and  throughout  the  period  when  hypertensive  di.sease  is  dev'eloping. 
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1958  LAURENTIAN  HORMONE  CONFERENCE 

i'he  1958  Laurentiaii  Hormone  Conference  of  the  AAAS  will  be  held  at 
Blaney  Park  Resort,  Blaney  Park,  Michigan,  during  the  period  September 
7-12,  and  investigators  interested  in  attending  this  conference  should  make 
application  to  the  Committee  on  Arrangements  of  the  Laurentian  Hor- 
mciie  Conference,  222  Maple  Avenue,  Shrewsbury,  Massachusetts,  at  an 
eaily  date  and  in  any  event  no  later  than  May  12,  1958.  A  conference  rate 
of  sr2,00  per  day  per  person  is  extended  to  all  invited  participants.  At¬ 
tendance  is  limited  to  invitations  issued  by  the  Committee  on  Arrange¬ 
ments.  The  following  program  has  been  arranged. 

LAURENTIAN  HORMONE  CONFERENCE 
PROGRAM  FOR  1958 

September  7-12,  Blaxey  Park,  Michigan 
I.  The  Pituitary  Hormo.xes 

The  physiology  of  growth  hormone  with  particular  reference  to  its  action 
in  the  rhesus  monkey. 

K.  Knobil  and  R.  O.  Creep,  Harvard  University 
Sunday  evening,  September  7 

Human  growth  hormone. 

.Maurice  S.  Raben,  New  England  Center  Hospital 

Monday  morning,  September  8 

Studies  on  the  Lsolation  and  properties  of  the  follicle  stimulating  hormone. 
Sanford  L.  Steelman  and  Albert  Segaloff,  M.  D.  Anderson  Hospital  and 
Ochsner  Foundation 

Monday  morning,  September  8 

Control  by  visible  light  of  the  gonadotrophic  activity  of  the  hypophysis  in 
the  domestic  duck. 

Jacques  Benoit  and  Ivan  Assenmacher,  College  de  France 
Monday  evening,  September  8 

II.  Aspects  of  Steroid  Chemistry  and  Met.\bolism 
Steroid  protein  conjugates. 

Seymour  Lieberman,  Bernard  F.  Erlanger,  Sam  Beiser  and  F.  J.  Agate, 
Jr.,  Columbia  University 

Tuesday  morning,  September  9 
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Fractionation  and  isolation  of  steroid  conjugates. 

John  J.  Schneider  and  Marvin  L.  Lewhart,  Jefferson  Medical  Collefi* 

Tuesday  morning,  September  9 

The  miscible  pool  and  turnov'er  rate  of  adrenocortical  steroids. 

Ralph  Peterson,  National  Institutes  of  Health 

Tuesday  evening,  September  9 

III.  Aldosterone  Chemistry  and  Physiology 

The  physiological  factors  which  influence  the  secretion  of  aldosterone. 
Cordon  L.  Farrell,  Western  Reserve  University 

Wednesday  morning,  September  10 

Aldosterone  functions  in  man. 

F.  C.  Bartter,  National  Heart  Institute 

Wednesday  morning,  September  10 

IV.  Hormones  and  Metabolism 

Effects  of  steroids  on  metabolism  of  lymphoid  tissue. 

A.  White,  Albert  Einstein  College  of  Medicine 

Thursday  morning,  September  11 

Central  nervous  system  factors  in  the  regulation  of  endocrine  secretion. 
John  W.  Mason,  Walter  Reed  Army  Medical  Center 

Thursday  morning,  September  11 

Recent  studies  on  secretin  and  cholecystokinin. 

Erik  Jorpes  and  Viktor  Mutt,  Karolinska  Institute 

Thursday  evening,  September  11 

The  parathyroids  and  regulation  of  blood  calcium. 

Harold  Copp,  University  of  British  Columbia 

Friday  morning,  September  12 

Endocrine  interrelationships  influencing  bone  formation  and  bone  resorp¬ 
tion  in  birds. 

Marshall  R.  Urist,  University  of  California  Medical  Center,  Los  Angeles. 
Friday  morning,  September  12 


